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The present paper embodies some of the results of a survey of the dry 


weight and iodine content of the thyroid glands of Australian sheep, a survey 


which was planned by the late Professor Brailsford Robertson as one of the 
activities of the Division of Animal Nutrition of the Australian Commonwealth 
Council for Scientific and Industrial Research. 

The malnutrition caused in grazing animals over large areas of the United 
States of America and Canada by deficiency of iodine in soils and pastures (see 
Orr and Leitch, 1929, for literature), and the iodine deficiency in the soils and 
pastures of New Zealand (Hereus eft al., 1925, 1927, 1931), directed attention to 
the possibility of a similar condition in Australia. 

The analysis of water, soils, and pasture plants for iodine content is 
extremely laborious and subject to very considerable analytical errors. More- 
over, all the iodine in the soil is not “available” to the plant, and results 
obtained from analysis of pasture vary with season, stage of growth, species, 
and other factors. 

The thyroid gland of the grazing animal summarizes all the factors in the 
environment affecting the iodine supply. In view of this fact, and as we are 
primarily interested in the nutrition of sheep, we have confined our attention 
to the analysis of the thyroid glands of sheep, and have not examined waters, 
soils, or pastures (Robertson, 1929). 

Since 1927 some 700 glands have been examined, and the dry weight and 
iodine content of each determined. The treatment of the glands and the 
method of analysis have been described in a previous communication (Dawbarn, 
1929). Briefly, the glands were dissected out of the sheep immediately after 
slaughtering the animals, placed in small phials of absolute aleohol, and sent 
to the laboratory for analysis. Fat and connective tissue were there dissected 
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off and discarded, and the glands and alcohol dried to constant weight at 
92°C. in a hot-water jacketed or vacuum oven. The iodine was estimated by 
Hunter’s (1909-10) method, special precautions being taken to ensure the 
accuracy of the results. 

With each gland despatched to the laboratory were sent particulars about 
the animal’s sex, age, condition, and the condition of its wool, and information 
about pasture, water, and so on, but unfortunately the weight of the sheep was 
not recorded in any instance. 

Our results record the weight in grammes of the gland dried to constant 
weight, and the iodine content expressed as grammes of iodine per 100 grms. 
of dry gland. 


TABLE 1. 
Dry Weight and Iodine Content of Thyroid Glands of Sheep in Australia. 


Per cent. of Todine in Dry 
Dry Weight. Glands. 


Locality. 


Number of Glands. 
Mean in Grms. 


of Variation. 


Probable 
Coefficient 


* 
L 


Correlation between 


Dry Weight and 
Per cent. Iodine. 


Standard 
Deviation. 
of Variation. 
Coefficient of 


Probable 
Coefficient 


Error. 


‘Meteor Downs,’’ 
Queensland. 
‘* Keytah,’’ 
N.S.W. 
D-1 Series. Wether - +282 . 32. -600 
Ram -778 -539 
D-2 Series. 26 Wether’ -87: . : 37-3 -618 
Ewe . -315 . -507 


to 
=> 


Wether 


he 
to 
oa 


‘* Buln Gherin,’’ 
ietoria. 

Whole period. Ewe 

March to 2 Wether 

September. 2s Ewe 
Stag 

October to Ewe 

December. 2 Ram 


South-East of 26 Wether 
South Australia. Ewe 


‘*Kolendo,’’ 
South Australia. 
Drought. : Wether 
Ewe 
Good Season. é Wether 
‘*Mutooroo,’’ 
South Australia. 
Drought. 5 Ewe -926 -811 
Good Season. 6 Ewe -899 +369 


* The probability of the observed correlation’s being due to chance alone is less than 5 in 100, 
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THYROID GLANDS OF SHEEP 
TABLE 2. 
Percentage of Iodine in Thyroid Glands not included in Table 1. 


Mean per 
Number cent. of 
Locality from which obtained of Sex. Age. Iodine in Comments. 
(Diagram la). Glands. Dry Gland. 


Longreach, Fat and connective 
Queensland. (1) W and E -42 tissue roughly dis- 
Moree, sected off in the 
New South Wales. (2) August-September, { Ewe -25 field: no subsequent 
New England, 1927. dissection: actual 
New South Wales. (3) f WandE 1 year to aged -43 per cent. iodine was 
Longwood, therefore higher 
Vietoria. (8) : WandE-  2and5 years “ than the recorded 
figures. 


Most of the adher- 
ing fat and connec- 
tive tissue were re- 

Western District August-September, Wether 1 year—aged . moved before dry- 
of Victoria. (9 1927. Ewe 3 years—aged “ ing the glands, but 
Tasmania. January, 1928. é Wether 3 years—aged , the dissection was 
Ewe 15 months toaged -: not so cleanly done 
Roseworthy, as for all glands in 
South Australia. (12) September, 1927. 46 Fat lambs -36 Table 1. Percent- 
age of iodine fig- 
ures are therefore 

slightly low. 


Dry Weight and 
Per cent. Iodine. 


vq 


‘“Hawk’s Nest,’’ October, 1929, and 

Kangaroo Island. March, 1931, to 12 WandE _— 16 months to aged 

February, 1932. 

south Australia, 

exclusive of 

‘*Kolendo,’’ 

‘*Mutooroo,’’ 

South-East, Wether 1—3 years 

Roseworthy, Stag 1-2 years : 

Kangaroo Island 5 Ewe 1} years—aged ‘62 All fat and con- 
“Haddon Rig,’’ nective tissue care- 

New South Wales. April, 1929. : Ram 1 year -28 fully removed be- 
“Glen Iris,’’ fore drying. 

New South Wales. (i September, 1929. 2 WandE 43 and7 years ; 
‘‘Wanganella,’’ 

New South Wales. October, 1929. 2 Rand E 14 and 2 years 
‘‘Wambanumba,’’ May, 1930, to 

New South Wales. (6) October, 1931. 10 W and E 2 years to aged “54 


Of the 700 thyroids between 500 and 600 were obtained from six localities, 
five of which were sheep-stations : “Meteor Downs,” Springsure, Central Queens- 
land ; “Keytah,” Moree, New South Wales; “Buln-Gherin,” Beaufort, Victoria ; 


? 


“Mutooroo,” near Cockburn, South Australia; “Kolendo,” near Port Augusta, 
South Australia; and from the South-eastern district of South Australia. The 
remaining glands were obtained from districts scattered about the Common- 
wealth. 
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The position of the sheep-stations from which large numbers of glands were 
collected, and the areas over which the more general survey extended, are 
shown in the map of Australia (Diagram 1). The results of most of the analyses 
are summarized in Tables 1 and 2. 

Marine, after examining histologically and* chemically large numbers of 
normal and goitrous thyroid glands from different species of domestie animals, 
wrote: “In our experience a thyroid that has less than 0-1% iodine eannot be 
normal anatomically, and a thyroid that has continually had an iodine store 
above 0-1% cannot be abnormal anatomically” (Marine, 1922). 

Of all the glands examined by us none showed a lower percentage of iodine 
on dry weight than 0-096, and the highest value obtained was 1-26. Exeessive 
thyroid enlargement, regarded as indicating a previous history of low iodine 
content, was not found: only 4 glands out of 700 weighed as much as 2 grms. 
after drying, and none weighed as much as 3 grms. 

Thus there is no evidence of iodine deficiency among Australian sheep, as 
far as our survey extends, but a glance at the maps will show that we have, as 
vet, covered only a part of the sheep-bearing area of the country. 

Examination of nearly 600 glands obtained from six localities has vielded 
data bearing on the influence of sex, age, drought, and season of the vear, and 
iodine feeding on the thyroid. The variability of the material has been deter- 
mined, and the correlation between its dry weight and the percentage of iodine 
contained in it (Table 1). 

In two cases, where 120 and 101 glands were obtained from animals of one 
sex from one sheep-station, the frequency distributions of the dry weight and 


the percentage of iodine were plotted, and the constants of the frequeney curves 
ealeulated. 


FREQUENCY DISTRIBUTIONS OF DRY WEIGHT AND PERCENTAGE 
CONTENT OF IODINE OF THE THYROID GLANDS OF SHEEP. 


From “Meteor Downs,” Central Queensland, thyroids from 120 castrated 
male sheep (wethers) were obtained and analyzed. They were collected 
between January, 1929, and December, 1930. Up to March, 1930, but not sub 
sequently, the sheep were fed a lick of rock phosphate and salt. 

The frequency distributions of dry weight and iodine percentage are shown 
in Diagrams 2 and 3. 

At “Keytah,” Northern New South Wales, thyroids from 101 wethers were 
collected and sent to the laboratory for analysis. The animals had access to a 
lick containing iodine. 

Frequency distributions are shown in Diagrams 4 and 5. 

At “Meteor Downs” the mean dry weight was 0-673 grms. (maximum 
1-163, minimum 0-348) ; at “Keytah” the mean weight was 0-876 grms. (maxi- 
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mum 2-056, minimum 0-400). The difference in weight of the glands from the 
two localities must be due to the fact that the sheep at “Keytah” are bigger than 
those at “Meteor Downs,” though the breed is the same (merino) at both 
stations. (The mean weight of a group of wethers, 15 months old, at “Meteor 
Downs” was 28 kgs., while the weight of a group of wethers of the same age 
at “Keytah” was 46 kgs.) 

The mean iodine percentage of the “Meteor Downs” wethers was 0:°532 
(extremes 0-310 and 0-805), and the corresponding figures for “Keytah” 0-600 
(0-206 and 1-032). 

For the purpose of calculating the moments of the frequency distributions, 
class intervals of 0-01 grms. and 0-01 per cent. of iodine were used, but for 


graphic presentation larger class intervals were preferred. 

The “Keytah” material was more variable than the other, in both weight 
and iodine percentage, and in both groups the coefficient of variation of the 
weight of the glands was higher than that for the percentage of iodine (Table 1). 

It is evident from the frequency distributions that the distribution of the 
percentage content of iodine is essentially normal, but that the distribution of 
dry weights is not strictly normal, being skew in a positive direction for both 
groups, and that for “Keytah” being slightly peaked as compared with the 
normal. 

The departures from normality in these instances appear to be due, mainly, 


to the presence of a few very heavy glands (in Diagram 2, 10 over 1 grm., and 


in Diagram 4 one weighing 2 grms.). The mean percentage of iodine in the 10 
heavy glands was 0-525, not significantly different from the mean of the whole 
series (0-532), and the animals from which they were obtained did not differ 
from the rest as regards age, condition, diet, or season of the year in which 
slaughtered. 

Similarly, the gland weighing 2 grms. from “Keytah” showed an iodine 
percentage of 0-66, and the animal from which it was obtained differed from 
the others in no discoverable factor. 

There was no apparent reason for excluding these glands from the series. 
We can only conclude that the weight distributions are genuinely skew. 


THE INFLUENCE OF DROUGHT UPON THE PERCENTAGE OF 
IODINE IN THE THYROID. 


In December, 1927, five thyroid glands were obtained from sheep pastured 
at “Mutooroo,” in South Australia (Diagram 1 (13)). The animals were all 
ewes, seven years old, and were living under drought conditions—water was 
available but feed scarce. In September, 1928, six glands were obtained from 
the same flock of sheep after the breaking of the drought, when the feed was 
very good. The results of the analyses are shown in Table 3. 
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The Influence of Drought upon the Thyroid Glands of Sheep at ‘* Mutooroo.’’ 


Drought Conditions. Good Conditions. 

Dry Weight Per cent. of Dry Weight Per cent. of 
in grms, fodine, in grms. lodine. 
1-481 “95 -765 -18 

-781 -67 -908 -23 
-903 *85 *282 -56 
-512 -85 -663 -44 
-954 -73 -717 +44 

— -058 +36 


Mean -926 -81 -899 +37 


Between May, 1928, and July, 1929, 50 glands were collected at “Kolendo,’ 
in the arid Gawler Ranges of South Australia. During this time drought con- 
ditions prevailed. 

In May the sheep were living on porcupine (7riodia spp.), mulga (Acacia 
aneura), and saltbush (Atriplex spp.), while by December they were reduced to 
eating fallen leaves and branches cut off trees—myall (Acacia Sowdenii), mulga, 
‘*black oak’’ (Casuarina lepidophiloia), sandalwood, ete. 

Since September last, 1931, a further 30 glands have been obtained from 
‘*Kolendo.’’ The fodder conditions have been good, the sheep grazing on salt- 
bush and blue bush (Kochia), and abundant native grasses, principally barley 


grass (Hordeum murinum), and spear grass (Stipa spp.), besides ‘*‘geranium’’ 
(Erodium). The results obtained on analysis of the glands in the two groups are 


given in Table 1. 

The mean percentage of iodine in the wethers’ glands was 0-719 during 
drought and 0-441 in the good season. The fall in the percentage of iodine 
when the pasture was good was even more marked in the ewes’ glands at 
“Mutooroo,” from 0-81 to 0-37, the maximum value for a single gland in the 
good season being lower than the minimum in drought. The percentage of 
iodine in the dry glands procured during drought was unusually high. The 
mean for the “Kolendo” sheep, 0-719, was as high as that found for sheep 
living on a diet of marine algae, 0-709 (Hunter and Simpson, 1915), while that 
for the “Mutooroo” glands was even higher (0-811). One “Kolendo” gland 
contained 1-26 per cent. of iodine. 

It is not possible to form any estimate of the relative iodine intake of the 
sheep during the two periods; so far as we are aware no iodine determinations 
have been made on any Australian pastures. 

Richardson, Trumble, and Shapter (1931) carried out pot experiments at 
the Waite Institute on the influence of deficient soil moisture on the growth and 
mineral content of Wimmera rye grass (Lolium subulatum). They showed that 
on soil maintained at 30% saturation the production of dry matter by the plant 
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was comparatively low, but that the percentage content of nitrogen, calcium, 
and magnesium was slightly higher than in plants grown in moister soil. The 
phosphorus content was lower at the flowering stage, but not at maturity, and 
the content of sodium and chlorine was lower, except when the soils were treated 
with superphosphate. 

In the light of this experiment we would not expect drought to alter very 
appreciably the iodine content of any given species of plant; but in a severe 
drought the whole composition of the pasture is changed. Thus at “Kolendo,” 
in the good season the sheep grazed on grasses and small shrubs, and when the 
drought was at its height on small trees. 

“Kolendo” is situated in a region of low rainfall (under 10 inches a year) 
and internal drainage, towards Lake Gairdner, and our colleague, Mr. R. G. 
Thomas, informs us that the tendency is towards accumulation of salts in the 
soil rather than depletion by leaching. 

Thus there is no reason to believe that the abundant feed which followed 
the rain would be deficient in mineral content. Two of the plant species, salt- 
bush and “geranium,” on which the sheep were reported to be grazing, have 
been grown and analyzed at the Waite Institute, and shown to be rich in both 
nitrogen and soluble ash (Richardson, et al., 1931). 

During the drought some of the “Kolendo” sheep were drinking water 
with a high concentration of soluble salts (up to 1? oz. per gallon), but these 
had a lower, rather than a higher, percentage of iodine in their thyroids than 
the sheep drinking fresh water. 

But the high iodine content of the thyroids during drought may find an 
explanation independent of the iodine intake. 

It has been shown by Lines and Peirce (1931) that the metabolic rate of 
the sheep, while at rest after 48 hours’ starvation, is affected by the previous 
nutritive level of the animal, the average standard metabolism of animals after 
feeding on good pasture in spring being some 20 per cent. above that of similar 
animals after feeding on poor pasture in autumn. 

When the previous diet was a high protein diet the standard metabolism 
was higher than when it was a low protein diet, and they suggest that the 
seasonal variation in metabolism is due to the high protein content of spring 
as compared with autumn pastures. 

Bensley (1916) found that opossums in captivity developed hyperplastic 
thyroids with little or no follicular colloid. Restriction of the diet to a main- 
tenance level controlled the hyperplasia and increased the colloid. 

Jackson (1916), working with rats, found little change in the colloid fol- 
lowing acute or chronic inanition, but he reports that Missiroli (1910) could 
prevent elimination of colloid from the gland of the rabbit and cause it to be 
stored in the follicles by depriving the animal of food. On readmission of food 
the stored colloid once more left the gland. 
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The work of Marine (1922) and his collaborators and others showed “that 
the iodine store in the thyroid varies in general with the amount of stainable 
colloid, inversely with the degree of active hyperplasia.” 

It is conceivable that the lowered nutritive level of sheep under drought 
conditions, and the lowered basal metabolism associated with it, make less 
demand for thyroid hormone than is usual on a more abundant dietary. <As a 
result there is a tendency for the accumulation of iodine in the gland. 


SEASONAL VARIATION IN THE LODINE CONTENT OF THE 
THYROID GLAND. 


At “Meteor Downs” the seasonal variation in the iodine content of the 
thyroids was slight (minimum 0-48 per cent., June, 1929; and maximum 0-61 
per cent., November, 1930), and the changes in the condition of the pasture 
were too frequent (due to frequent rains) to make it possible to trace any con- 
nection between the two. 

At “Keytah” the “D-1” series of 101 wethers does not constitute a good 
material for the study of seasonal variation, for they were receiving an iodine- 
containing lick. The amount of lick consumed varied from time to time; some- 
times, if the pasture were very good, no lick would be eaten for several months. 

All the sheep on “Keytah” had access to an iodine-containing lick, but at 
the neighbouring station, “Boonaldoon,” where all other conditions were the 
same as at “Keytah,” no lick was given. From “Boonaldoon” we obtained some 
thyroids, the “Keytah D-2” series, 26 glands from wethers and 44 from ewes. 
The ewes’ glands were collected rather regularly over two periods of five 
months each, and form a good material for the study of seasonal variation. The 
results of the analyses are shown in Table 4. 


TABLE 4. 


Seasonal Variation in the Thyroid Glands of Ewes at ‘‘ Boonaldoon,’’ 
**Keytah D-2’’ Series. 


Mean dry Mean Mean dry Mean 
Season, No. of weight Todine. Season, No. of weight Iodine. 
Glands. ingrms. Per cent. Glands. ingrms. Per cent. 

1930. 1931. 

September i -86 -38 April : 1-22 45 

October } -00 -28 May : 1-05 -69 

November j *92 -47 June 1-29 -73 

December -79 -48 July -85 -69 
1931. August i -28 -62 

January : 1-13 -51 


The conditions of the pasture, as reported week by week from ‘‘ Keytah,’’ 
were as follows: 


At the beginning of September, 1930, the feed was very good, excellent 
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clover and herbage being available, a condition which had prevailed for two 
months, the previous dry season ending with rain in June. 

About the middle of September the pasture began to seed and then to dry, 
but till the middle of November was fair, some green grass springing up in 


response to rain. From then till the middle of March the fodder became worse 
and worse, being progressively reported as “very fair,” “fair,” “indifferent,” 
“noor,” “very poor.” 

At the beginning of March, 1931, rain fell, three months earlier than in 
1930, and by the middle of the month pasture conditions were again good, and 
were reported as excellent till the middle of June. Then floods destroyed much 
of the feed. which did not reeover till the beginning of August. 

Table 5 shows the seasonal variation in the percentage of iodine in the 
thyroids from ewes at “Buln Gherin,” in Victoria. 


TABLE 5. 
Seasonal Variation in the Thyroid Glands of Ewes at ‘‘ Buln Gherin.”’ 


Mean Dry Mean 

Season. No. of Weight Per cent. 

Glands. in grms. of Todine. 
May-July 9 -621 55 
July 20th—August 26th 10 -568 -61 
August 26th-September 25th 10 -745 -58 
September 25th—October 18th 9 -579 43 
October 18th—-December 8 -662 -39 


A seasonal variation in the iodine content of thyroid glands of sheep, cattle, 
and hogs has been reported by Seidell and Fenger (1912-1913), Fenger (1918), 
and Fenger, Andrew, and Vollertsen (1931), and others. 

Seidell and Fenger reported that “the average iodine content for the 
months of June to November is, in general, about three times that for the 
months of December to May.” 

Attempts to explain seasonal variation in the thyroid gland fall into two 
main classes: the one attributes it to seasonal changes in the demand for thyroid 
hormone, the other to seasonal variation in iodine intake. 

Mills (1918) and Cramer (1928) found that the thyroid glands of eats, 
rabbits, and guinea-pigs, and rats and mice when exposed to cold, showed in- 
ereased activity, and their follicular colloid was diminished. High tempera- 
tures, on the other hand, caused an increase in the amount of colloid stored in 
the gland. 

Fenger (1918) believed that the temperature factor was the most important 
in producing seasonal changes in the thyroids of cattle, sheep, and hogs in the 
United States. 

Among Australian sheep there is no evidence that cold weather depletes the 
thyroids of iodine. At both “Keytah” and “Buln Gherin” the maximum per- 
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centage of iodine occurred in the winter, and its decrease did not take plac 
till September and October. 

The influence of the nutritive level of the animal on the thyroid has alread) 
been discussed. It is obvious that seasonal variations in the quality and the quan 
titv of pasture oceur. The results of analysis of pastures at different seasons 
of the vear in Great Britain are reported by Orr (1929). At the Waite Institut: 
analyses were made of barley, Wimmera rye grass (Lolium subulatum), and 
subterranean clover (Trifolium subterruneum) at different stages of growth 
The first analysis was made at 10 weeks, 12 weeks, and 16 weeks respectively, and 
further analyses up to the time of maturity. The percentage of nitrogen, and 
therefore of protein, fell steadily in each case (Richardson ef al., 1931). 

Field investigations showed that the nitrogen content of natural pastures 
on which sheep were grazing was at a maximum in August, declined rapidly till 
January, and thereafter remained constant till June, when it rose again, and 
reached its former level in August. 

The silica-free ash showed similar fluctuations, with a maximum value in 
October (Davies, Scott, and Fraser). 

The comparatively low iodine content of the thyroids from the “Keytah 
D-2” ewes, in September and October, after a period on abundant pasture pre- 
sumably rich in protein and salts, and the gradual rise in November, December, 
and January, when the pasture was deteriorating, may thus be due to a falling 
off in the demand for thyroid hormone, but the high concentration of iodine in 
May and June, when the pastures were again good, cannot be explained in this 
way. 

Hereus and Roberts (1927) found a seasonal variation in the iodine content 
of grass. During the winter, the period of minimum growth, the percentage 
content of iodine was at a maximum; it fell to a minimum with the rapid 
growth of the grass in the spring. and then rose again. If the iodine in the 
pastures at “Buln Gherin” varied with the stage of growth as in New Zealand. 
the seasonal variation in thyroid iodine would find a ready explanation, for at 
“Buln Gherin” there is a very slow growth of grass in the winter, followed by 
a more rapid growth as the weather becomes warmer in September and October. 

But it is unlikely that seasonal variation in the thyroid, in any instance, 
is due to one factor only, whether it be temperature, iodine intake, or quantity 
and nitrogen content of the dietary. All these factors exhibit seasonal fluctua- 


tions, and the iodine in the thyroid is the resultant of their joint action. 


CORRELATION BETWEEN THE DRY WEIGHT AND PERCENTAGE 
IODINE CONTENT OF THE THYROID. 

Orr and-Leitch (1929) summed up the observations of different investi- 

gators on the relation between thyroid size and percentage of iodine contained 
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in it, by stating that in general, thyroid size and percentage iodine content are 
inversely related, but that in certain phases of thyroid activity, where increase 


in size due to colloid storage occurs, there may be no diminution in iodine 


content. 

We have calculated Karl Pearson’s coefficient of correlation between the 
dry weight and the percentage of iodine in fourteen series of glands (Table 1), 
and in no case was there a negative correlation. The significance of the 
observed positive correlation depends, of course, on its magnitude and on the 
number of glands involved. Fisher (1930) gives a method for calculating the 
significance of correlation coefficients based on less than one hundred pairs of 
observations. Where the probability of the observed correlation’s being due to 
chance alone is less than 5 in 100, we have marked it with an asterisk in the 
table. It is evident that in seven groups of animals the observed positive 
correlation is definitely significant. 

We have no information about the weight of the animals from which the 
glands were obtained, but it is probable that the weight of the thyroid and the 
weight of the animal are positively correlated. Since age has no effect on the 
percentage of iodine in the thyroid, it is unlikely that weight has any such 
effect. Therefore, it is probably safe to assume that the percentage of iodine 
in the thyroid is not correlated with the weight of the animal. We are, how- 
ever, carrying out an investigation to ascertain the truth of this assumption. 

The positive correlation between dry weight and iodine percentage of the 
glands may be taken to indicate, not that the heavier sheep have a higher per- 
centage of iodine in their thyroids than the lighter, but that physiological 
enlargement of the glands, when it occurs, is due to colloid storage rather than 
to hyperplasia. 


INFLUENCE OF SEASON AND DROUGHT ON THYROID SIZE. 


Alterations in iodine percentage are not always accompanied by alterations 
in gland size. This is obvious from the fact that in several groups of glands 
the correlation between the two factors was negligible. 

It was reported in a previous communication (Dawbarn, 1929) that the 
glands obtained from ewes at “Buln Gherin” showed a decrease in iodine per- 
centage in the period September to November as compared with the preceding 
months, and a less marked rise in dry weight. This rise was due to the fact 
that the September glands were heavier than those collected in any other 
month, but the fall in percentage of iodine did not really oceur till October. 
When the mean dry weight and the mean percentage of iodine are compared 
month by month (Table 5) it is evident that the seasonal variation in percentage 
of iodine was not correlated with a seasonal variation in dry weight. 

At “Keytah,” on the other hand, there was a seasonal variation in dry 





130 MARY C. DAWBARN anp F. C. FARR 


weight ; as the percentage of iodine rose the mean weight of the glands increase, 
and vice versa (Table 4). The variation in the mean weight of the glands wa: 
less than that of the percentage of iodine. 

These results are in striking contrast to those of Seidell and Fenger (1912 
13), who found the dry weight and iodine percentage of the glands of shee; 
and cattle to vary inversely from season to season. There is little doubt that 
the difference between the effect of season on the thyroids of Australian and 
American animals is due to the higher percentage of iodine in the Australian 
glands and their smaller size. 

The only instance in which a fall in the percentage of iodine was accom 
panied by a rise in the weight of the glands was at “Kolendo,” when a good 
season followed a drought. The mean percentage of iodine fell from 0-719 to 
0-441. and the mean weight of the glands rose from 0-770 to 0-878 grm. As 
the glands in the good season came from younger sheep than those in drought 
the reai increase in weight was greater than the results show. 


INFLUENCE OF SEX ON THE THYROID GLAND. 


In the ‘“Keytah D-2” series there were 44 glands from ewes and 26 from 


wethers. Table 1 shows the mean dry weight and the mean percentage content 


of iodine of both groups. But as they had a quite different seasonal distribu- 
tion the results are not really comparable. 

In the “Keytah D-1” series there were seven glands from rams and four 
from wethers, all collected in April, 1929. They are compared in Table 6. 


TABLE 6. 
Influence of Sex on the Thyroid. 


Mean Probable Mean Probable 
dry error per error 
District. Sex. No. of weight Differ of cent.of  Differ- of 
Glands. in grms. ence. difference. Iodine. ence, difference. 
‘*Keytah’’ Wether 4 -845 -505 
D-1 Series. -066 -034 
April, 1929. Ram 7 -779 -539 
‘*Buln Gherin’’ Ewe 2% -645 -584 
Period A. Wether : . -609 


Stag 
Ewe 
Period B. 
Ram 
South-East Wether 
of South 
Australia. Ewe 
**Kolendo’’ Wether 
Drought. -096 
Ewe 


“060 
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From “Buln Gherin” we obtained, during the period March to September, 
24 glands from castrated male sheep (wethers), all seven years old, 12 glands 
from partially castrated male sheep (stags), three years old, and 29 glands 
from ewes; and from October to December, 17 ewes’ glands and 21 two-year-old 
rams’ glands (Tables 1 and 6). 

The glands from the South-eastern district of South Australia (26 from 
wethers and 23 from ewes) were all collected in one month, January, 192%. 
They are compared in Tables 1 and 6. 

Finally, from “Kolendo,” though most of the glands were from wethers, 
nine in the first series were from ewes. Again the sexes are compared in Tables 
1 and 6. 


In the South-eastern district of South Australia, and at “Kolendo,” the 
thyroids of the ewes were slightly heavier than those of the wethers, and con- 
tained a higher percentage of iodine. At “Buln Gherin,” in the period March 
to September, the reverse was true. Of these figures the only difference which 
is great enough to be definitely significant is that between the mean weights of 


the “Buln Gherin” glands, a difference which is probably dependent upon a 
difference in the mean weights of the two groups of animals. 

The rams’ glands were also significantly heavier than those of the ewes, 
but there was no significant difference between their percentage content of 
iodine. 

It looks as though the stag had a lower mean percentage of iodine in its 
thyroid than the wether. If this were really so the ram would be expected to 
have a still lower percentage of iodine, but no significant difference can be 
shown between the glands of wethers and rams in this respect (“Keytah D-1” 
series). 

The number of glands is probably too small to draw any very definite con- 
clusions, but at least the differences due to sex are not marked. 


INFLUENCE OF AGE ON THE THYROID. 


The data bearing on the influence of age on the thyroid are summarized in 
Table 7. 

During the first three years of life, while the sheep is growing, the thyroid 
is growing too. Its adult weight is thereafter maintained unchanged, at least 
until old age supervenes. 

The percentage content of iodine in the thyroid is not affected by the age 
of the animal, at least from the age of nine months onwards. There is some 
indication that lambs of six months have a lower percentage of iodine in their 
glands than older animals, but so few glands are available that the results are 
probably accidental. 

Fenger (1912) and Orr and Leitch (1929) report that except in foetal life 
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the percentage of iodine in the thyroid is not affected by the age of the animal. 
Many of the glands analyzed by us came from sheep reported to be “aged,” 
notably from 105 “aged” wethers at “Meteor Downs” and 41 “aged” ewes at 
“Keytah,” but this merely means that the sheep were more than six years old. 
judging by the worn condition of their teeth. 
There is no evidence of a lowering of the percentage of iodine in the 
thyroids of such animals, or of a decrease in their dry weight. 


District. 


‘*Meteor Downs’? 


*¢ Buln Gherin’’ 
Mareh-Sept. 
Oct.—Dee. 

South-East of 

South Australia. 


** Kolendo’? 
Drought. 
Good Season. 


Part 2. 


District. 


‘“Meteor Downs’’ 


‘¢ Buln Gherin’’ 
March-Sept. 
Oct.—Dee. 

South-East of 

South Australia. 


** Kolendo’’ 
Drought. 
Good Season. 


TABLE 7. 
Influence of Age on the Thyroid Gland. 


Part 1. Influence of Age on Dry Weight. 


Age of the Sheep. 


6 months. 9 months. 1-14 vears. 2-24 vears. 3-6 vears. 


A 


~Z Ae 
Wether 


in grms 
in grms. 
in grms. 


> Dry wt. 


z 


Ewe 
Ewe 


+ 


Lamb 
Wether 


Ewe 


-812 
-TO0 


Wether 18 
Wether +537 4. -666 5 6-905 8 


1-096 


Influence of Age on Percentage of Iodine in Dry Gland. 


Age of the Sheep. 
1-1} years. : 


6 months. 9 months. 


ont. 
of Loding 
of Todine. 


Per ce 


E At 
Wether 


Ewe 
Ewe 
Lamb 
Wether 
Ewe 


- 666 


*705 


Wether 
Wether 3 


-339 
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INFLUENCE OF A SALT LICK CONTAINING POTASSIUM IODIDE 
ON THE THYROID. 


The sheep in the “Keytah D-1” series had access to a lick containing potas- 
sium iodide. The composition of the lick was changed several times during the 
period of collecting the glands, the proportion of potassium iodide being pro- 
gressively reduced from 1 part in 1,000 to 1 part in 7,100. 

In order to trace the influence of the amount of iodine in the salt lick on 
the thyroid, the glands have been divided into five groups, according to the 
lick the sheep were receiving when slaughtered (Table 8). 


TABLE 8. 


Influence of a Lick containing Potassium Iodide on the Thyroid. 


Error. 


Period, Lick Administered 
during period, 


animals slaugh 


tered during period. 


No, of glands collected 
ard 


Mean Dry Weight 


in grammes. 
Mean per cent. 


Probable Error. 
of Iodine. 


Probable 


from 


‘*Keytah D-1’’ 1928 August to (1) 1 part of KT 
Wethers. November. in 1,000 of liek. 
1928 December to (2) 1 part of KI 
1929 February. in 2,100 of liek. 
1929 March to (3) 1 part of KI 
July. in 3,000 of liek. 
1929 October to (4) 1 part of KT 
1931 Mareh. in 7,100 of lick. ~ . oF . +547 

1931 March to (5) 1 part of KI 
October. in 6,400 of liek. 3 -822 -665 

1928 August to 

1931 October. (1)-(5) “876 -282 - 600 


‘*Keytah D-2”’ 1928 December to 


Wethers. 1931 November. No Liek. -! “3F . -618 


‘*Keytah D-2”’ 1930 September to 
Ewes. 1931 August. No Lick. -049 +515 -082 -507 


‘*Keytah D-2’’ 


Wethers 1928 December to 
and Ewes. 1931 November. No Lick. 


The amount of lick eaten by these sheep was not measured, but it was 


known to vary, in general more being eaten when the pasture was poor, and 


vice versa. But there were sheep at ‘‘Keytah’’ whose intake of Lick (2) was 
measured over a period of approximately two years. The mean daily intake per 
sheep over the whole period was 1-4 grms. Assuming that the ration sheep from 
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which the glands were obtained ingested approximately the same amount o! 
the licks offered them as the flock on Lick (2), whose intake was measured, ws 
may make a rough approximation to their iodine intake. This would vary 
between 1,000-1,100y of iodine daily for Lick (1) and 140-160y for Lick (4 
(ly = 0-000001 grm.). 

Orr and Leitch (1929) estimated the probable daily intake of iodine by 
sheep on grass as between 400 and 2,000y. 

It is evident from Table 8 that very little, if any, effect is produced on the 
thyroid by allowing sheep free access to such licks as those fed at “Keytah.” 
The “D-2” wethers, which received no lick, had a higher percentage of iodine 
in their glands than the “D-1” wethers. It is perhaps fairer to include all the 
“T)-2” animals, both ewes and wethers, when making the comparison, as a 
seasonal distribution more nearly like that of the “D-1” glands can be obtained 
by doing so. The difference between the iodine content of the glands of the 
“T)-1” wethers and all the “D-2” sheep was only 0-05 per cent., with a probable 
error of 0-02. 

When the five groups of sheep receiving iodine are compared, we find no 
correlation between the iodine in their glands and the amount in the licks fed 
to them. 

It seems justifiable to conclude from the “Keytah” experiment that the 
iodine in the pasture was adequate to supply all the animals’ requirements, and 
that the additional iodine ingested from the licks was not sufficient to alter 
appreciably the amount in the thyroid glands. Simpson and Hunter (1911) 
increased the iodine content of the thyroids of sheep by feeding iodine, but the 
amount given was about 400,000y daily. 


SUMMARY. 


In order to find out whether there is any deficiency of iodine in Australian 
sheep pastures, more than 700 thyroid glands from sheep have been separately 
examined, and their dry weight and iodine content determined. 

Of the glands examined, between 500 and 600 were obtained from six 
localities in Queensland, New South Wales, Victoria, and South Australia, the 
remainder from scattered parts of the sheep-bearing areas of the Common- 
wealth. 


The lowest percentage of iodine on dry weight found in any gland was 


0-096, and the highest 1-26; only four glands weighed as much as 2 grms. dry 
weight, and none as much as 3 grms. Adopting Marine’s criterion of 0-1 per 
cent. iodine content as a test of normality, it is evident that the present survey 
reveals no iodine deficieney in Australian pastures. 


The distribution frequencies of the dry weight and percentage content of 
iodine of two groups of glands have been plotted, and the constants of the 
distributions ealeulated. 
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The distribution of the iodine content is shown to be normal, while that of 
the dry weight is slightly skew in both cases. 

For 14 groups of glands means, standard deviations, probable errors, and 
coefficients of variation have been calculated for dry weight and percentage 
content of iodine, and the coefficient of correlation between dry weight and 
percentage of iodine determined. 

Glands collected from sheep under drought conditions contained approxi- 
mately double the percentage of iodine found in glands from the same localities 
during a good season. It is suggested that this is because of a decreased demand 
for thyroid hormone, due to the low nutritive level of the sheep and the associ- 
ated lowering of their basal metabolism. 

A seasonal variation was found to occur in the thyroids of sheep, which 
was slight in some districts, more marked in others. Possible reasons for it are 
discussed. 

In 7 groups of glands out of 14 the dry weight and percentage of iodine in 
the thyroid were definitely positively correlated. In the other groups the 
correlation, though positive, was not great enough to be certainly significant. 
It is suggested that enlargement of glands must be due to colloid storage rather 
than hyperplasia. 

No consistent differences in the thyroids due to the sex of the animals 
could be traced. 

Except during the growth of the sheep, when the thyroid increases in 
weight, age appears not to influence the dry weight or iodine content of the 
gland. 


The iodine content of glands from sheep which had access to iodine- 


containing licks was only slightly greater than that of glands from sheep with 
no lick. 


There was no correlation between the proportion of iodine in five licks and 
the iodine content of the thyroids of sheep eating them. 

These results are held to indicate that the natural pasture contained abund- 
ance of iodine. 
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Diagram la. Scope of the Iodine Survey. 


Numbered Circles: Localities from which less than 50 glands were analysed. 
Black Circles: Localities from which more than 50 glands were analysed. 


1) Longreach, Longwood. 
2) Moree. g Western District of Victoria. 
3) New England. Tasmania. 
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Diagram 1b. 
(Reproduced from the Official Year Book of the Commonwealth of Australia). 
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Diagram 2. Frequency Distribution of Dry Weight of Thyroid Glands from 120 Wethers 
from ‘‘Meteor Downs’’, Central Queensland. 


Moments of the Mean -673 grammes 
Distribution: Standard Deviation - 186 
as -03457 Coefficient of Variation 6 
i -004900 Median -643 grammes 
-003862 Coefficient of skewness, x —=-+-648 
+-581 Probable error of x == +075 
3-231 Kurtosis denoted by 7 =+-231 
Probable error of 7 =: +802 
-612 
-606 
-603 
-668 -680 
-628 -715 
-615 -742 
-602 -708 
-657 - 684 
-647 -§82 
-648 -754 
-604 -730 
-672 -714 
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-634 -744 -824 
-640 -700 -774 
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-601 +726 +829 -838 
-638 -680 -769 -887 -940 
-719 -766 +87 -919 
-593- -6745— -756— -919— 
+7555 +837 +9185 -000 
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Diagram 3. Frequency Distribution of Percentage Iodine Content of Thyroid Glands from 
120 Wethers from ‘‘Meteor Downs’’, Central Queensland. 


Moments of the Mean -532 % iodine 
Distribution: Standard Deviation -109 

po== -01199 Coefficient of Variation 20-6 

ug=+ -0001507 Coefficient of Skewness, xX =+-121 

wy= +0003332 Probable error of x = -075 
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Diagram 4. Frequency Distribution of Dry Weight of Thyroid Glands from 101 Wethers 
from ‘‘Keytah’’, Northern New South Wales. 


Moments of the Mean -876 grammes 
Distribution: Standard Deviation é 
0798 Coefficient of Variation 

+ -02281 Median -838 grammes 
My -02990 Coefficient of skewness, x 
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Diagram 5. Frequency Distribution of Percentage Iodine Content of Thyroid Glands from 
101 Wethers from ‘‘Keytah,’’ Northern New South Wales. 


Moments of the Mean -600 % iodins 
Distribution: Standard Deviation -176 

My= -03115 Coefficient of Variation 29-4 
Mg=-+-00115 Coefficient of skewness, xX —+-139 

My= +002629 Probable error of x = -082 
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PYTHIUM ROOT ROT OF BROAD BEANS 
IN VICTORIA 


by 
GWENDOLYN M. CHENEY 
(Caroline Kay Scholar, Botanical Department, University of Melbourne). 
(Submitted for publication 4th July, 1932.) 


In recent vears there has been prevalent, in market gardens and vegetable 
plots around Melbourne, a disease of broad beans (Vicia faba), characterized by 
a root rot and a stunting or collapse of the plant. This disease has lately 
reached such proportions as to be a serious menace to the growing of broad 
beans. As it had not previously been investigated, attempts were made to 
isolate a causal organism. 


SYMPTOMS OF THE DISEASE. 


The characteristic symptoms of the disease are a rot of the roots and basal 
part of the stem. accompanied either by a collapse or a stunting of the aerial 
parts of the plant, depending upon the conditions under which it is growing. 

When the plant is pulled, the roots are seen to have died back from their 
ends, and the main root is blackened and rotting. Ina badly diseased plant all 
that remains of the root system is the shrivelled vascular evlinder, the cortical 
region having been attacked by the fungus and destroyed. This destruction 
of the root system commences as soon as the fungus has entered the rootlets. 
The symptoms produced in the aerial parts of the plant as a result of the 
breakdown of the conducting tissues of the root may not be manifested until a 
number of lateral roots have been attacked, provided the plant is growing under 
favourable conditions with an adequate water supply. The appearance of the 
roots, therefore, is the first and one of the most reliable symptoms of the disease. 

In most cases no sign of the disease is noted on the stems and leaves until 
the plant is at least 8 inches in height. and usually not until the flower buds 
have been formed. In plants growing vigorously in loamy soil, and supplied 
with an abundance of water, flowering does not as a rule commence until a 
height of 2 to 3 feet has been reached, and one has no indication that there will 
be other than a good crop of beans produced. Now, however, a rapid collapse 
of the tips of the branches may take place. This may not occur at once on all 
branches. The tip becomes flaccid and bends over, and the leaves curl in from 
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their edges. Following this, the lower leaves wilt and change colour, becomin; 
black from the edges inwards. At the same time dark streaks appear on th 
base of the stem, and as the disease progresses they become black, with a water 
logged appearance. This blackening and decay may extend for some distanc: 
up the stem in badly diseased plants. The flowers which have been formed ma) 
die and fall off, but in some cases they may set seed. The pods, however, do no! 
reach the normal size, and usually wither. 

Symptoms differing somewhat may be seen in plants growing in a sand) 


type of soil. Signs of disease may be observed much earlier in this case 


When the plants are several inches high the leaves curl in from their edges and 
turn upwards, giving the plant a spindly appearance. The leaves are smaller 
and narrower than those of healthy plants, and appear to be more crowded 
When these plants are pulled the roots are found to be attacked by the fungus 
in the manner deseribed above. Such plants remain stunted, do not set seed, 
and eventually die. 

The difference in symptoms may be attributed to the type of soil in which 
the plants are growing. Plants in sandy soils which do not hold much moisture 
show early indications of the disease and the stunted appearance. This is no 
doubt due to the fact that for normal growth in sandy soil it is necessary for 
all of the rootlets to function in order to supply the plant with sufficient 
moisture. Therefore, as soon as the first rootlets are attacked the plant receives 
less than the requisite water supply, and symptoms of the disease are mani- 
fested. On the other hand, when plants are growing in a soil which retains a 
large amount of water, it may not be essential to vigorous growth for more than 
a fraction of the roots to function. In this case, when the maximum number of 
roots without which growth can be maintained have been attacked, any further 
attack will cause a quite sudden collapse of the plant as a result of interference 
with the water supply. 


ISOLATION OF THE PATHOGEN. 


A fungus was in the first place isolated from the roots of diseased plants 
by placing portions of the root in a decoction of broac bean seeds, in which 
the seeds were allowed to remain. A mass of mycelium was produced on the 
seeds, submerged in the liquid. Inoeula from this mycelium were placed on 
plates of malt agar, and after several days colonies covered with a dense white 
aerial mycelium were produced. These colonies were subeultured on plain agar 
to remove bacterial contamination, and after two days on this medium the fruit- 
ing bodies of the fungus were observed. These were oogonia and antheridia of 
the Puthium type. A few conidia were found, but no zoosporangia. Subsequently 
the mycelium was transferred to various media, among them being oatmeal 
agar, ground maize agar, Coon’s agar, and Lemeo-peptone agar. The fungus 
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was found to be easily isolated from the broad bean roots by direct plating on 
malt agar, after they had been washed in alcohol and sterile water. <A further 
simple method of isolation was to leave the diseased rootlets in a covered dish 
of sterile water for about two days, when a copious growth of mycelium was 
produced. This could then be transferred to a nutrient medium. 


THE FUNGUS. 


The mycelium, on solid media, is intra- and extramatrical, producing a 
vigorous, white, aerial growth on the more nutrient media. The hyphae are 


long and fairly coarse measuring 4-10, in diameter, with an average of 7-5z. 


They are very granular, and produce a great deal of oil. False septation occurs 
markedly, and numbers of the hyphae in which these false septations are found 
lose their contents. The walls of the hyphae usually collapse between the septa. 
Branching of the mycelium is irregularly monopodial. 

The appearance of the mycelium on a plain agar plate is most character- 
istic, and the species can be recognized from this. The uppermost hyphae 
appear to be raised on the surface of the agar, forming an irregularly branched 
silky mat, and giving no indication of the development of other hyphae through- 
out the medium. When the surface of the medium is examined with the low 
power of the microscope these hyphae, which can be seen with the naked eye, 
are found to be indeed raised above the surface in a fine film of moisture. 

Conidia are rare, and are found in much fewer numbers than the sexual 
organs. They appear later than the oogonia, and a few may be found in a 
colony on plain agar a week old. They are produced quite abundantly, how- 
ever, in the white aerial mycelium of a colony on malt or ground maize agar, 
but do not occur in the submerged mycelium on these media. When found in 
this mycelium they are large, and may be terminal or interealary. They range 
in size between 13-26p, averaging 21-5y. They are clear and finely granular, 
and are cut off, at varying distances, by septa, from the remaining part of 
the hypha which bears them. The portion of the hypha enclosed with the 
conidium retains its protoplasmic contents, but the remaining part, beyond the 
bounding septum, is empty, the contents having been used, apparently, in the 
production of the conidium. 

Germination of the conidia has always been observed to be direct. Germin- 
ation by zoospores has never been found, though many means have been taken 
to induce zoospore formation. According to the statement by Butler (1907), 
that zoospore formation will take place more readily on an animal substratum 
than on a vegetable one, the fungus was grown on decoctions of ants boiled in 
water, and also on centipedes. An ant decoction to which agar had been added 
was also used. Conidia which were formed on these media were placed in a 
continuously changing stream of water, but germination continued to be direct. 
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As well as these animal solutions, malt extract and dilute prune juice were used, 
but with no greater success. Conidia formed on all the solid media used wer 
placed in water. Germination could be regularly obtained in 13 to 2 hours, 
but always by one or more germ tubes. in badly diseased roots were found 
localized patches in the outer cortex, where numbers of conidia, very closely 
packed, were produced. Such roots were teased out and left in water for 
several hours in a van Tieghem cell. On examination the conidia were all found 
to have germinated directly. 


Apparently, therefore, in nature zoospores are 
never produced. 





(a) 
Figure 1. (X415.) 


(a) Interealary conidium from the aerial mycelium of a colony on malt agar three weeks old. 
(b) Terminal conidium from the same colony as (a), 
(c) Conidium germinating after one and a half hours in water. 


Oogonia appear in two days on plain agar. and at longer intervals on the 
more nutrient media, always, however, before the conidia. They are usually 
spherical, but are occasionally irregular in shape. They may be as often inter- 


ealary as terminal. On maize agar the average diameter is 19-7y, varying 
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between 13 and 23». There may be a single antheridium, or two may be 
present. The antheridium arises either from the oogonial stalk, at some dis- 


tanee from the oogonium, or from a branch of the oogonial stalk. Only on very 
‘are occasions is an antheridium seen to arise near to the wall of the oogonium. 
The mature antheridium is cut off by a septum from its stalk. The antheridium 
is seldom enlarged, as in some species of Pythium, but is generally only slightly 
greater in diameter than its stalk. The fertilization tube is 1-24 wide, and can 
be clearly seen. Hypogynal antheridia have not been observed. The number 
of antheridia to an oogonium appears to vary with the medium; that is, two 
antheridia may occur often on plain agar, but are rarely found on maize agar. 


Figure 2. (x415.) 


(a) and (b) Unfertilized oogonia, showing their relation to the antheridia. 
(c), (d), and (e) Stages in the fertilization of the oogonia. 


The oospores are spherical and smooth walled. They vary in diameter 
between 11-5-17-5y, averaging 15-7. There is a central reserve globule. As 
a general rule the oospores do not fill the oogonium, but this varies, and in 
some cases they may completely fill it. The wall of the oogonium, when irregular 
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in shape, may often be seen projecting on two sides of the oospore, which com- 
pletely fills the central part. Germination of the oospores has never been 


observed. 


~ 


Figure 3. (x 415.) 


Oospores inside the walls of the oogonia. Antheridia which have lost their contents are 
still attached to the oogonial walls. 


SYSTEMATIC POSITION OF THE FUNGUS. 

The absence of filamentous sporangia and the presence of spherical conidia 
places the species in Butler’s (1907) sub-genus Sphaerosporangium of the 
genus Pythium. The smooth-walled oogonia and oospores bring it into the 
same group as such forms as P. debaryanum, P. vexans, and P. ultimum, It 
differs from P. deburyanum in the absence of zoospores, and in the distance of 
origin of the antheridium from the oogonium. P. debaryanum var. Pelargonii, 
described by Braun (1925), which parasitizes a number of hosts, forms oospores 
very rarely, and has an antheridium which lies appressed to the oogonium along 
its whole length, and therefore this species cannot be considered when attempting 
to assign a specific name to the form in question. P. vexans also differs because 
it has a peculiar lobular antheridium and irregular conidia. P. complectens is 
another closely allied form, but the characteristic feature of this species is a 
trumpet-shaped antheridium arising close below the oogonium. The form to 
which the species pathogenic on the broad bean is most closely allied is P. 
ultimum. This form, according to Trow (1901), is only saprophytic, and was 
therefore for many years disregarded when pathogenic species of Pythium were 
under consideration. As Drechsler (1927) points out, many of the species of 


Pythium encountered in pathogenic relationships were assigned indiscriminately 
to P. debaryanum Hesse, when they should be known as P. ultimum. Type eul- 
tures of P. ultimum were obtained from the Imperial Mycological Institute, Kew, 
and compared with the pathogen, and the following differences were found: The 
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antheridia of the pathogenic species are long-stalked and arched, and arise 
further from the oogonium than in P. wltimum. The oogonia and oospores are 
smaller. The oospores vary in the extent to which they fill the oogonium, some 
filling it completely. Conidia are rare, and not formed prior to the oogonia, as 
in P. ultimum, and there are present abnormally coarse hyphae in some cultures 
which are absent in the latter species. The main point of similarity between the 
two forms is absence of zoospore formation. This is definitely lacking in P. 
ultimum, and as far as it has been possible to ascertain, it never occurs in the 
present species. Butler has examined the form from the broad bean, and states 
that it resembles P. ultimum more closely than any other species, but that it 
cannot be placed in this species. The two main differences between the forms— 
the antheridial characters and production of conidia—enable one to distinguish 
them readily, whereas culturally and in other morphological characters they 
resemble one another closely. It is proposed, therefore, to describe the pathogen 
as a new species, Pythium fabae. The technical deseription follows: 


PYTHIUM FABAE, nsp. 


Hyphae coenoeytie at first, becoming septate in older colonies, hyaline, 
granular, 4-10 in diameter, averaging 7-5». rounded at the ends, forming a 
surface mat on plain agar and a vigorous white aerial growth on ground maize 
agar, malt agar, and oatmeal agar ; conidia rare, terminal or interealary, spherical 
to subspherical, 13-26y in diameter, averaging 21-5y, germinating directly by 
one or more germ tubes; oogonia smooth, spherical, or occasionally irregular in 
shape, terminal, or interealary, 13-23, in diameter, averaging 19-7; antheridium 
single or double, one-celled, arising from the oogonial stalk at some distance from 
the oogonium, or from a branch of the oogonial stalk, arched, only slightly 
exceeding the diameter of its stalk; fertilization tube 1-2u wide; oospores spheri- 


eal, smooth-walled, not filling the oogonium in most eases, but may sometimes fill 


it, 11-5-17-5y in diameter, averaging 15-7y, have not been seen to germinate. 
Parasitic on plants of Vicia faba, causing a rot of the roots and the basal part 
of the stem. 


A NEMATODE, DIPLOGASTER AERIVORA, ASSOCIATED WITH 
PYTHIUM FABAE. 


When the roots of diseased plants were being examined a nematode was 
almost invariably found associated with the Pythium. On erushing in water 
roots in which the superficial tissues had begun to decay, numerous nematodes 
and eggs in all stages of development could be seen, which had passed into the 
water from the root cells. If small lateral roots were cleared in lacto-phenol, the 
eelworms could be seen lying in the cortical cells in varying positions. It was 
also found that when roots were badly infeeted with the disease the nematodes 
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entered the root tubercles, eating out the medullary portion containing the bac 
teria, and leaving only a darkened, tough casing. These tubercles presented a 
collapsed and blackened appearance. If squashed, a vellow powdery or slimy 
material oozed out, in which there were large numbers of eelworms and eges 
When the eelworms have eaten the whole of the contents of the tubercle they 
apparently pass out again into the soil. 

Difficulty was experienced in fixing the nematodes in the tissues. If fixed 
in the ordinary way for plant tissues in cold Flemming’s solution, after prepar 
ing sections no eelworms could be seen. If killed rapidly, however, by using 
hot Flemming’s fixative at about 50°C., when the roots were sectioned eelworms 
were found in the cells of the cortex. They apparently escape from the cells into 
the fixing solution if not killed rapidly. 

To obtain a large number of nematodes in all stages of growth, drops of 
water containing nematodes from crushed bean roots were plated on malt agar. 
The nematodes thrived on this medium, particularly when a number of bacteria 
were present. Nematodes obtained in this way were fixed in warm acid sublimate 
and then gradually transferred to 70° alcohol. In this condition they --"e sent 
for identification. Aceording to Dr. N. A. Cobb, Nematologist, Unite ates 
Department of Agriculture, Bureau of Plant Industry, the species is Diplogaster 
aerivora, a widspread form found in decaying animal and vegetable matter. It 
was first found by Merrill and Ford (1916), parasitizing insects, and was sub- 
sequently deseribed by Cobb. 

The question arose as to whether the nematode was at all pathogenic to the 
broad bean, or whether the disease was due solely to the attack of the Pythiwm. 
Inoculation with the fungus of the roots of seedlings growing in soil free from 
the nematodes produeed the disease, and this lends weight to the supposition that 
the nematodes are secondary invaders of the root system, and prey on the tissues 
of the root already damaged by the fungus. This is also borne out by the fact 
that members of the genus Diplogaster are free-living nematodes, and are not 
provided with the anatomical weapons of a typical plant invader. Thus the 
protrusible spear for piercing tissues, and the suctorial pharynx for absorbing 
sap thus set free, possessed by the members of such a genus as Tylenchus, which 
live on the juices of plants, are not present in Diplogaster aerivora. 


THE HISTOLOGY OF THE DISEASED TISSUES. 


Lateral roots were fixed in Flemming’s solution, embedded in paraffin, and 
eut longitudinally. On examination, after staining with Haidenhain’s iron alum 
haematoxylin. the tissues were found to be thickly infested with the coarse gran- 
ular hyphae of the fungus. 

In the cortex the hyphae are not very dense, and their course is mainly inter- 
cellular. They may be followed for the length of two or three cells, running 
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between the cell walls. Often, however, they pass into a cell and branch within it. 
Within the soft-walled tissues of the vascular cylinder the mycelium is at its 
greatest concentration. Here, in the phloem and ground tissue cells, the hyphae 
branch and penetrate every cell, breaking down the cell walls and cytoplasm as 
they do so. They do not appear to enter the wood vessels, though they run 
between them. The hyphae are apparentiy unable to penetrate the lignified walls, 
and are too coarse to enter through the pits. A section of a root with a badly- 
infected vascular cylinder presents a very torn appearance, as most of the cell 
walls have been broken down at at least one point, and in some cases the hyphae 
have branched among neighbouring cells to such an extent that the cell bound- 
aries are completely lost. The epidermis has also been broken in many places, 
giving access to saprophytic fungi, fine hyphae of which can be seen in the outer 
layers of the cortex. Where the hyphae traverse the cell wall they become very 
much constricted. 





Figure 4. (x415.) 


Hypae in the cells of the cortex of the bean root, showing the manner in which they 
branch within the cells, and their constriction on passing through the cell walls. 


Hand sections, cleared in lacto-phenol, and stained in cotton blue, were also 
made. The hyphae stained deeply with the cotton blue, and being coarse they 
could be easily traced. In these sections the intercellular nature of the hyphae 
was particularly notable, and also their aggregation in the vascular cylinder. 
The nature of the mycelium as it is in the soil before entering the roots could 
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also be seen in such sections. The extramatrical hyphae have very thick walls, 
and are yellowish-brown in colour. They can be seen on the surface of the roots. 
and appear to enter at any point along them, or by way of the root hairs. Some 
rootlets have been examined in which oospores were seen to be produced in the 
root hairs. 


Figure 5. (About X375.) 


Oospores in the cortical cells of the broad bean root. 


If a decaying rootlet is teased on a slide and examined microscopically, re- 
productive bodies of the fungus, mostly oospores, can be seen in large numbers 


in the cortex, particularly if the tissue is discoloured and decayed. As many as 
five small oospores have been seen lying in a row in one cortical cell. The repro- 
ductive bodies do not appear to be produced internally in the root, but always 
rather superficially. 

The nematodes, Diplogaster aerivora, which are associated with the fungus 


in the tissues as secondary invaders, always occur in the cells of the outer cortex, 
just beneath the epidermis. They are unable to penetrate further into the root, 
as they are devoid of any apparatus with which they may pierce the tissues of 
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the plant. This superficial occurrence of these organisms, allied to the fact that 
the fungus occurs in the vascular cylinder, causing disintegration of the conduct- 
ing elements, leads to the belief that the fungus is the pathogenic factor. 


_ > 


Figure 6. ( 415.) 


A root hair containing an oospore which has been produced in it. 


INOCULATION EXPERIMENTS. 


Preliminary inoculation experiments were carried out in the 1930 season in 
a plot of soil which had not previously been used for garden purposes. Beans 
were planted, and when the seedlings appeared above the ground cultures of the 
fungus were placed on the uncovered roots. Symptoms of the disease appeared 
on the greater part of the inoculated plants after flowering had commenced. In 
all cases the fungus was recovered by re-isolation. In 1931 a further sowing of 
beans was made in the same plot, which in the meantime had been left fallow. Of 
the twenty plants which grew, only two escaped infection by the fungus, which 
had over-wintered in the soil. 

Controlled inoculation experiments were also carried out in pots filled with 
garden soil. Twelve pots of soil were used, six of which were sterilized in the 
autoclave. Beans were planted in each of the pots on September 7, 1931. On 
September 24 the seedlings were well established and inoculations were made. 
The roots were uncovered in three of the pots containing sterilized soil, and three 
of the pots in which the soil had not been sterilized. Cultures of the fungus on 
malt agar were laid on the exposed roots, without injuring them, and the soil 
replaced. The six remaining pots were left as checks. About three weeks after 
inoculation a plant from a sterilized and an unsterilized pot were taken up and 
the roots examined. They were found to have been attacked in the region nearest 


to the inoculum, and the fungus was recovered by re-isolation. The parts of the 
plant above the ground were still apparently healthy. 


Six weeks after inoculation signs of disease were apparent in the unsterilized 
plants and in those check plants which were growing in the unsterilized soil. 
The bases of the stems showed the characteristic blackening, and the tips of the 
branches became flaccid. The plants were then removed from the pots, and the 
roots plated on malt agar. In each case the fungus was recovered from the 
inoculated plants. It was also found to have attacked the plants in unsterilized 
soil. This was not surprising, as the species appears to be present in most soils 
around Melbourne. Plants growing in sterile soil which had not been inoculated 
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showed no sign of the disease, and the fungus was not obtained on plating out 
the roots. 

These experiments indicate that the pathological symptoms are caused by 
the Pythium species described, and that the fungus gains entry to the plant 
through the rootlets. They also bear out the conelusions arrived at in reference 
to the symptoms of disease shown by plants in loamy soils and supplied with 
adequate water; that is, that signs of the disease do not appear until a late stage 
in the growth of the plant, independent of the time at which the fungus com- 
mences to attack the roots. 


DISTRIBUTION OF THE DISEASE. 


As far as is known, no disease of the broad bean attributable to a species of 
Pythium has hitherto been described. In the report of the Ministry of Agri- 
culture and Fisheries on ‘‘ Fungus and Allied Diseases of Crops,’’ published in 
London in 1929, it is stated that a combined foot rot and wilt associated with 
Pythium species was reported from Wisley in 1925. This is the only reference 
known to such a disease, and the fact that it was a foot rot and wilt suggests that 
it may be a similar disease to that found in Victoria. 

The susceptibility of Vicia faba to pythiaceous organisms after artificial 
inoculations of the roots has been noted by Sideris (1929). He inoculated various 
agricultural plants, among them Vicia faba, with ten species of Pythium, and 
found it to be susceptible to most species. In a more recent paper (1931) he 
describes similar experiments, in which he found that Vicia faba possesses very 
high, but not absolute, resistance to all species of Nematosporangium, but not to 
those of Pythium. P. teratosporon, P. diamesi, P. irregulare, and P. debaryanwn 
are moderate parasites of the broad bean. 

My attention has been drawn, in recent correspondence, to the fact that a 
species of Pythium, apparently the same as that on the broad bean, has been 
isolated by V. A. Wager in South Africa. I am not aware, however, of the host 
from which it was obtained. 


SUMMARY. 


1. A root-rot of broad beans, which has been causing serious loss to growers 
around Melbourne is described. 

2. The root system of the plant is destroyed by the disease. If the plant is 
growing in a loamy soil no symptoms are shown on the aerial parts until flowering 
has commenced. A rapid collapse of the plant, accompanied by a blackening of 


the base of the stem, then ensues. When growing in a sandy soil symptoms may 
be shown earlier, and the plant is stunted, the leaves being upturned and rolled 
inwards. 


3. A species of Pythiwm was isolated from the diseased roots. In culture 
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this form produced smooth-walled oogonia and oospores. The antheridia were 
formed with long stalks, arising at some distance from the oogonium. Conidia 
were rare, and zoospores were never found. This form most closely resembles 
Pythium ultimum, but its differences are such that it has been described as 
P. fabae n.sp. 

4. A nematode, Diplogaster aerivora, was almost invariably found associ- 
ated with the fungus in the tissues of the root. Nematodes and eggs were found 
in the cells of the cortex, but not in the more deep-seated tissues of the root. 

5. In the tissues of the host the mycelium of the fungus was found in great 
amount. The passage of the hyphae is mainly intercellular in the cortex, though 
they pass into the cells and branch within them. The mycelium is concentrated 
in the vascular cylinder, where it causes disintegration of the tissues. Oospores 
were also found in the cortex and in the root hairs. 

6. Plants growing in pots of sterile and unsterilized soil were inoculated with 





the fungus. This was placed on the uncovered roots without injuring them. 
After three weeks the roots were found to have been attacked by the fungus, 
which was recovered from them by re-isolation. Six weeks after inoculation 
signs of the disease were seen on inoculated plants. 

7. As far as is known, no disease of the broad bean caused by a species of 
Pythium has been described. Sideris has performed artificial inoculation experi- 
ments, however, and states that the broad bean is susceptible to most species of 
Pythium. 

| wish to thank Dr. McLennan for her valuable help during the carrying 
out of the work, and Professor Ewart for helpful suggestions. I am also indebted 
to Mr. D. B. Adam (Department of Agriculture) for valuable suggestions and 
criticism. I wish to thank Miss I. Cookson for preparing the microphotograph. 
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FURTHER OBSERVATIONS ON THE BASAL 
METABOLISM OF AUSTRALIAN ABORIGINES 


by 
H. S. HALCRO WARDLAW AND W. J. LAWRENCE 
(From the Department of Physiology of the University of Sydney). 
(Submitted for publication 10th July, 1932.) 


The observations on the basal metabolism of Australian aborigines here 
reported have been made by the Haldane-Douglas method under experimental 
conditions similar to those deseribed in a previous communication (Wardlaw and 
Horsley (1928)). The subjects were examined in the morning approximately 
fourteen hours after the last meal. They were aroused from sleep for the exami- 
nation. After emptying the bladder they walked 200 to 300 yards over fairly 
level ground to the laboratory. There all the usual precautions with regard to an 
adequate period of rest and the performance of blank preliminary experiments 
were observed. 

The general environmental conditions and the subjects themselves differed 
markedly in several respects from the conditions and the subjects of the previous 
investigation. Very little difficulty was experienced in getting the intelligent co- 
operation of the subjects. The present individuals, however, were by no means as 
phlegmatie and lethargic in their general behaviour as the former. For this 
reason they were not as favourable subjects for this type of investigation. More 
repetitions of the measurements were required before consecutive measurements 
agreeing to within + 5% of their mean were obtained. This arbitrary require- 
ment was always complied with in these as in the previous experiments. The 
respiratory quotients of the present subjects were also more variable than those 
of the former group. 

Only adult males were examined in view of unsatisfactory previous experi- 
ence with aboriginal women as subjects. 


RACE. 

All the subjects were full bloods. They formed a much more homogeneous group than that 
previously examined. With one exception they were members natives of the district in which the 
investigation was carried out. The exception was a South Australian native born in the vicinity 
of Adelaide. 

ACTIVITY. 


The present subjects differed considerably from the former subjects in their general habits 
of life. While none of the former were in any regular employment the present subjects, with 
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the exception of two old men (Nos. 3 and 11), were earning thir living by regular work. The 
district in which they lived is almost exclusively devoted to sheep grazing. Regular occupation 
of a congenial kind is, therefore, available to the aborigines. Although they may not be engaged 
in hard physical work, they are actively employed during most of their time, and their daily 
routine is not very different from that of the average person living in a civilized community 
It is interesting to notice here that the two old men who were not in employment showed values 
of their basal metabolism much closer to those of the previous group than did the rest of the 
present subjects. 


DIET. 

With the two exceptions mentioned, the present subjects were not in receipt of rations issued 
at the aborigines’ reservation, It is not possible, therefore, to make any precise statement about 
their diet. It may be said, however, that they lived on a generous, protein-rich diet. In the 
distriet in which they lived, meat was plentiful, but vegetables were relatively scarce. Their 
favourite dish was a stew containing only a small proportion of vegetables. This was supple 
mented by bread or damper and tea, which was drunk with plenty of sugar. They did not 
obtain much butter, but must have received an adequate proportion of fat from the meat of 
their diet. 


HEALTH. 

The subjects examined were to all appearances in normal health. Practically all of them 
had suffered, however, more or less severely, during an epidemic of influenza which had occurred 
in the district shortly before the period of the investigation. A period of ten afebrile days had 
clapsed between the time of recovery of the subject last ill and the time of his examination. 


CLIMATIC CONDITIONS. 


Although the site of the present investigation is of approximately the same latitude as that 
of the former, the climatic conditions of the two places differ considerably. In Table 1 are 
given data which enable the situations and climates of the two places to be compared. The data 
for mean temperatures and relative humidities could not be obtained for the exact sites of the 
investigations. The meteorological data for the nearest towns for which figures were available 
have been given. These figures enable a comparison to be made between the two regions with 
sufficient accuracy for the present purposes. 


TABLE 1. 


Meteorological Data for Vicinity of Present and that of Previous Investigation. 


Previous Series. Present Series. 
Kyogle District. Angledool District. 
(Lismore). ( Walgett). 
28° 42° 8. 29" 6’ 8. 
Longitude 153° 0’ Ey 147° 54’ FE. 
Distance from coast 35 miles. 270 miles, 
Height above sea level 150 ft. 450 ft. 
Mean annual temperature 19-3°C, 19-9°C, 
Mean annual relative humidity 76% 51% 
Mean annual rainfall 3,500 points. 1,850 points, 
Mean temperature during periods of experiments 25-3°C 13-5°C, 
Mean relative humidity 80% 54% 
Range of temperature during experiments 27 -7-24-5°C, 7-1-20-5°C, 
Range of relative humidity during experiments 69-94% 31-78% 
Date of observations Jan.-Feh., 1928, Aug.-Sept., 1929, 


Latitude Og: 
5 
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Although there is no great difference between the mean annual temperatures of the two 
places, there is a considerable difference between the mean annual relative humidities. The two 
series of observations, however, were not carried out in the same seasons of the year. The 
present measurements were made just after the coldest month of the vear. The previous obser- 
vations were made just after the hottest month of the year. 

In brief, the former observations were made under hot, moist conditions in a rugged, coastal 
region, The present observations were made under materially drier, cooler conditions in an 
undulating inland region, some three hundred feet higher. 


RESULTS OBTAINED. 


In Table 2 the principal data are given from which the results of the various 
individual measurements were obtained. 


TABLE 2. 


Basal Metabolism of Adult Male Full Blood Australian Aborigines. 
Individual Results. 


Lung CO. Oo © . 

Room Temp. °C. vent. prod. cons, Cals. Pe. stand. = = 

No. D.B. W.B. iI. min. Cc. per min. R.Q. m2 hr. A-DB. H-B. & io 
] 16-5 11-8 6-76 204-8 252-1 0-812 38-3 103 109 68 22 
19-0 13-0 6-08 201-9 245-6 0-822 37-5 100 106 70 18 

2 13-8 11-0 6-89 207-4 230-8 0-899 39-9 98 — 58 12 
18-0 15-0 7-06 220-3 223 0-989 39-4 96 — 60 16 

3 7-1 3-0 4-97 123-3 163-5 0-754 27-1 74 85 52 11 
11-9 6-0 5-44 132-7 171-4 0-773 28-5 78 90 48 12 

5 15-2 9-8 5-26 147-3 191-5 0-768 34-5 95 109 68 16 
18-0 11-0 5-78 162-4 198-3 0-820 36-4 100 115 68 18 

6 10-4 8-0 6-17 167-8 224-0 0-748 37-3 94 98 72 14 
12-5 6-82 180-0 220-3 0-818 37-2 94 98 72 14 

8 9-0 6-3 4-73 161-8 210-0 0-771 35-7 91 93 84 17 
13-2 9-2 4-56 161-9 212-5 0-761 36-0 92 94 78 16 

9 7-1 3-0 3-16 134-0 172-2 0-778 30-9 84 89 66 12 
11-9 6-0 3-66 137-3 173-5 0-791 31-3 85 90 62 15 

10 13-8 11-0 4-78 160-6 170-6 0-941 34-7 88 92 64 21 
18-0 15-0 6-27 160-0 171-2 0-933 34-6 88 92 64 24 

11 18-2 10-4 4-09 102-3 137-4 0-743 21-5 59 67 52 16 
20-5 12-0 3-89 94-1 126-8 0-742 19-9 55 61 50 16 

14 14-5 7-2 4-31 111-2 152-6 0-729 29-2 7 87 78 16 
15-3 8-1 5-16 117-1 139-3 0-840 27-3 73 81 76 18 

15 10-0 7-0 5-81 176-7 218-5 0-810 36-4 96 101 62 22 
12-0 8-5 7-52 186-5 201-5 0-925 34-7 91 96 64 18 


The figures in the consecutive columns are: (1) number of subject; (2) dry bulb tempera- 
ture in laboratory; (3) swung wet bulb temperature in laboratory; (4) lung ventilation in 
litres per minute at N.T.P. and dry; (5) and (6) cubic centimetres of carbon dioxide produced 
and of oxygen consumed per minute respectively at N.T.P.; (7) respiratory quotient, not 
corrected for protein metabolism; (8) Calories produced per square metre per hour caleulated 
from the oxygen consumption at the existing R.Q.; (9) and (10) the basal metabolism ex- 
pressed as a percentage of the Aub-Du Bois and Harris-Benedict standards, respectively; the 
figures for subject No. 2 are not given in terms of the Harris-Benedict standards, as their tables 
do not extend to the age of this subject (19 years); (13) and (14) pulse and respiration rates 
per minute, respectively. 
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In Table 3 the mean values of the basal metabolism of the various subjects 
are given together with certain of other measurements made upon them. 


TABLE 3. 


Summary of Measurements on Adult Male Full Blood Australian Aborigines. 


height. 


ight observed. 
~“'™ Standard weight. 


Subject. 
Standard weight. 
Surface area. 

— We 
Basal metabolism. 


_ 


57 
19 
69 
65 


108 
61- 98 
67- 7 93 103 

61-: +f ‘ 101 
27 67 -: . : 94 
24 3. 85- D7 ° 62-5 -68 : 97 
48 we 1. of 62- 5g { 102 
26 . : : 57 -é r 97 
67 -f 80- 38 - 68. : 110 : 64 
49 16 76-5 }- 64- -48 ‘ 101 84 
4° f 78- 32.5 65-5 7: 9: 109 9 99 


—" 


a 


Srmeio ci Sitting 


The figures in the various columns are as follow: (1) number of subject; (2) age in 
years (in most instances these figures are only approximate, as many of the subjects had no 
accurate information as to the date of their birth); (3) height without boots, measured to 
0-5 em.; (4) sitting height to 0-5 em.; (5) weight without clothes, the subjects were 
weighed wearing shirt and trousers only, 1 kg. was deducted for the weight of clothing; (6) 
arbitrary standard weights of men of the same heights and age groups, taken from the data 
of the Association of Life Assurance Directors and Actuarial Society of America (Hunter, 1912) 
corrected for clothing; (7) surface area obtained from a nomogram of the Du Bois formula; 
(8) body weight expressed as a percentage of the arbitrary standard; (9) pelidisi (weight 
in gm. x 10)/(sitting height, «m.)%, von Pirquet); (10) and (11) mean basal metabolism 
expressed as percentages of Aub-Du Bois and Harris-Benedict standards, respectively; (12) 
mouth temperature. 


HEIGHT AND WEIGHT. 


Reference to Table 3 will show that the present subjects were, on the whole, 
slightly shorter and distinetly lighter than those previously examined. The 


average figures for the present and the former groups are, respectively : height, 
169-5 em., 170°5 em.; weight, 58-8 kgs., 65-2 kgs. The corresponding figures 
for the adult males among the Central Australian aborigines examined by Hicks, 
Matters, and Mitchell (1931) are: height, 168-4 em., weight, 69-3 kgs. 

The relative weights of the present subjects, expressed as described, range 
from 117 to 72. They have a mean value of 91-0. The range for the previous 
series is from 125 to 72. The mean value is 93-5. The corresponding mean value 


for the Central Australian natives is 110. 
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The arbitrariness of the method of comparison used here must be emphasized. 
No significance is to be attached to similarities or differences between the so-called 
standard weights. and those of the subjects, and the figures cannot be used to 
compare the physiques of the American and the aboriginal men. The standards 
are derived from measurements of some hundreds of thousands of individuals, 
and may be used as a convenient smooth base line from which to compare the 
aboriginal subjects among themselves. 

The differences between the mean weights of the three groups of adult male 
aborigines are sufficiently striking. How much of this is due to differences of their 
states of nutrition and how much io differences of build cannot be determined 
from the present data. The more or less wild natives of Central Australia living 
on the unaccustomed plenty of mission rations averaged 10-5 kgs. heavier than 
the industrious natives of north-western New South Wales, in spite of the fact 
that the average height of the latter was 1-1 cm. greater. 

There is a general trend of the basal metabolism with the weight of the 
present subjects similar to that shown by the subjects previously examined. This 
trend is shown in Figure 1, which is discussed later. 

The values of pelidisi for the present subjects range from 94 to 108, the mean 
value being 101. The previous series had a range from 112 to 97, with the same 
mean value. The Central Australian natives again show a marked difference. 
The pelidisi of the adult males ranged from 102 to 123, with a mean value of 107. 


DISCUSSION. 


When the measurements of the basal metabolism of the present subjects are 
compared with those obtained on the previous subjects the figures are seen to be 
on the whole distinetly higher for the present group. The mean basal metabolism 
of the present subjects is 87-6% of the Aub-Du bois standards. The mean of the 
previous series was only 69-3 of this standard. All of the present results except 
one lie above all of the previous results except one. 

These facts are clearly shown in Figure 1, in which the values of the relative 
basal metabolism have been plotted as ordinates against the values of the relative 
weights as abscissae. The points corresponding to the present results are repre- 
sented by double circles, those for the previous results by single circles. The 
exceptional results referred to have been marked by crosses. 

The exceptional result of the previous series, also marked by a cross, corre- 
sponds, as was pointed out in the previous communication (Wardlaw and Horsley, 
loc. cit.), to a subject quite outstanding in physique and energy above the other 
members of his group. 

The exceptional results of the present series are those for subjects Nos. 3 and 
11. It has already been mentioned that these subjects were living on a plane of 
physical activity distinctly below that of the other members of this series. It is 
interesting to note that a third old man of this series who was living under the 
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same conditions as No. 11 also showed the very low basal metabolism of 58-4% o 
the Du Bois standard. The figures for this subject are not included in the Table- 
because only one observation was obtained on him and he was found to have ; 
supernormal temperature. Were it not for the two exceptional results of th 
mean value of the relative basal metabolism of the series would be 90-9% and th 
difference from the previous series still more striking. 
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Figure 1. Relative weights and relative basal metabolism of adult male Australian 
aborigines, Single circles, previous results; double circles, present results, 


The mean value of the basal metabolism of the whole of the present results is 
very close to that for the adult males examined by Hicks and his collaborators 
(loe. cit.), who found a value of 87% of the Du Bois standard. 

In comparing the present results with those obtained on the previous series 
of aborigines the principal factors to be taken into account are the diet and state 
of nutrition of the subjects, their temperament and degree of physical activity, 
and their environment. The subjects of the two series are sufficiently similar 
racially to allow of possible racial factors being neglected. 


Diet and State of Nutrition. 


There is little doubt that the diet of the present subjects was richer in protein 
than the diet of the previous subjects. The figures for pelidisi and for the relative 
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weights of the two series indicate that there was little to choose between their 
diet from the point of view of their adequacy in fuel. The indications are that 
the previous group was if anything slightly better nourished than the present 
group. On the whole the factors associated with diet give no grounds for expect- 
ing a higher basal metabolism in the present subjects. 

Environment. 

From the data given in Table 1, the average lung ventilations (5:42 and 4-04 
litres per minute), and the average surface areas of the subjects of the present 
and the previous group (1-68 and 1-75 square metres) it may be calculated that 
the present group must have lost about 2 calories per m? hour more by evapora- 
tion of water from the lungs than the former group. To this must be added about 
0-7 calorie to allow for the additional heat required to warm the expired air 
under the conditions of the present experiments. Altogether the present subjects 
must have lost in this way an extra amount of heat equivalent to about 8% of their 
standard basal metabolism. 

It is hardly possible with the available data to make any useful comparison 
between the losses of heat from the rest of the body in the two series of subjects. 
The losses due to radiation and conduction must have been the greater in the 
present series. Whether the loss by evaporation was greater or less cannot be 
said. Benedict and Root (1926) and Benedict and Benedict (1927) have shown 
that between temperatures of approximately 16°C. and 26°C. the loss of water 
from the surface of the human body under basal conditions is practically constant 
and surprisingly little affected by variations of clothing, relative humidity, and 


wind velocity. The mean temperatures of the air in the present and the previous 


series of observations were close to the limits of this range of temperature. 

There is now little doubt that the increased loss of heat at lower temperatures 
is associated with an increase of the basal metabolism of the human subject before 
temperatures are reached at which shivering occurs. Similarly a rise of external 
temperature within certain limits is associated with a fall of the basal metabolism. 
This subject has recently been reviewed by Martin (1930) who shows very clearly 
the depressing effect of a rise of external temperature on his own metabolism. 
It is interesting to notice that the temperature at which his metabolism began to 
fall is close to that at which Benedict and his associates (loe. cit.) observed that 
an increase in the rate of loss of water from the skin began. The range and limits 
of the average temperatures at which the present and the previous observations 
were made on aborigines are similar to those within which Martin observed a vari- 
ation of some 10‘ in his basal metabolism. 

It is reasonable to suppose that part of the excess of the mean basal meta- 
bolism of the present series of aborigines over that of the previous series is due 
to the lower temperature at which the present cbservations were made. It would 
not be justifiable to suggest, on the basis of the existing data, how much of this 
difference is due to factors determining the rate of loss of heat from the body. 
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Actwity. 

The fact that the present subjects did not relax as completely as the previous 
subjects under basal conditions has already been referred to. The greater difti- 
culty experienced in obtaining concordant, consecutive measurements has been 
mentioned. Even when after repetitions the required concordance was obtained. 
greater variations of the respiratory quotient were observed than with the pre 
vious subjects, the range being from 0-729 to 0-989. The higher figures are 





doubtless, evidence that some over-ventilation was still occurring in those in- 
stances. The range in the previous series is from 0-741 to 0-888. The lower 
average value for the R. Q. of the present series, 0-317 against the previous value 
of 0-851, is to be expected from the lower proportion of carbohydrate in the diet 
of the subjects. 

The effect of the plane of habitual physical activity on the level of the basa 
metabolism was pointed out in 1915 when Benedict and Smith showed that 
athletes had a basal metabolism in the vicinity of 74¢ above that of comparable 
individuals who did not engage in this form of physical activity. Similar obser- 
vations have since been made by other investigators. Ozorio de Almeida (1920 
and Wishart (1927) have shown what marked effect a variation of the routine 
with regard to physical activity may have on the basal metabolism of an indi- 
vidual. The results of de Almeida are particularly striking. 

The importance of the customary level of physical activity in its effect on the 
basal metabolism is shown also when the present results are compared with those 
obtained with the previous subjects. The combined effects of diet and environ- 
ment are likely to account for only a fraction of the differences observed between 
the two series of results. The figures obtained for the three exceptional subjects 





(No. 1 of the first series, Nos. 3 and 11 of the present series) point in the same 
direction. They indicate that the differences due to differences of physical 
activity may be sufficient to override the effects due to differences of environment. 
Thus the exceptionally energetic individual examined at the higher temperatures 
had a value of his basal metabolism even greater than that of a number of fairly 
active individuals examined at lower temperatures. One of the lethargic old men 
examined at the lower temperatures on the other hand had a basal metabolism 
even lower than that of the group of very phlegmatic individuals examined at 
higher temperatures. The basal metabolism of the other of these old men was 
nearly as low as that of the individuals of the group examined at the higher 
temperatures. 

It is unfortunate that no information is yet available as to the basal meta- 
bolism of white men living in the regions in which the aborigines were examined. 
Hindmarsh (1926) found that the male students whom she examined had a mean 
basal metabolism 91-1% of the Du Bois standards. The physical activity of these 
men was definitely greater than that of the first group of aborigines investigated, 
and they were living under cooler and less humid conditions. The environmental 
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conditions in Sydney were, however, warmer and less humid than those under 
which the present group of aborigines were examined, but it is impossible to 
say with certainty how the physical activity of these aborigines compared with 
that of the white subjects. The average basal metabolism of the two groups, with 
the two exceptions already discussed, are very close together. There is little 
doubt that the activity of the students was much more similar to that of the 
present group of aborigines than to that of the first group. 

The data which have been presented in this and the previous communication 
seem to indicate that Australian aborigines under suitable conditions of climate, 
nutrition, and avoidance of physical exertion are capable of leading a more 
lethargic existence than seems possible to the average white man. Under these 
conditions the basal metabolism of the aborigines may fall to surprisingly low 
levels. Where the conditions of life, and particularly of physical activity are 
similar to those of the whites, however, the existing evidence does not indicate the 
action of any racial factor independent of the effects of environment, nutrition, 
and activity. 

In conclusion we wish to express our indebtedness to Professor H. Whitridge 
Davies for his interest in this work, and to Associate Professor H. Priestley for 
his help in the preparations for the investigation. 

This work was carried out during the months of August and September, 
1929, with the aid of a grant made by the Australian National Research Council 
from a fund provided by the Rockefeller Foundation. 


SUMMARY. 


The average basal metabolism of nine full blood male Australian aborigines, 
engaged in regular physical work, and examined at the end of winter, was 91% 
of the Du Bois standard. 

The average basal metabolism of two subjects not employed in any way was 
67% of these standards, a figure close to that obtained on other unemployed 
subjects. 

Under conditions of physical inactivity the aborigines’ basal metabolism of 
these subjects sinks to values considerably below those observed among white 
subjects. 

The values of the basal metabolism of these subjects showed a distinet trend 
in the same direction as their relative weights. 
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THE PERIPHERAL ACTION OF THE AUSTRALIAN 
SNAKE VENOMS 


1. THE CURARI-LIKE ACTION ON FROGS. 
by 


C. H. KELLAWAY AND H. F. HOLDEN 
(From the Walter and Eliza Hall Institute, Melbourne). 
(Submitted for publication 7th July, 1932. 


The commonest mode of death in mammals poisoned by the venoms of 
Colubridae (which family includes all the Australian venomous snakes) is by 
asphyxia resulting from failure of respiratory movement. This was attributed 
by many of the earlier workers to direct action of the venoms upon the respiratory 
centre. In the case of the venom of the Indian cobra (Nava naia), it is now well 
established that this result oceurs from a curari-like paralysis of the muscles of 
respiration, and that there is no convincing evidence of any direct action upon 
the respiratory centre. Ragotzi (1890) first put forward this view, which was 
supported by Arthus (1910), by Cushny and Yagi (1918), and by Houssay and 
his colleagues (1922). 

Few workers have experimented with the Australian snake venoms. Martin 
(1895) was unable in either the frog or rabbit to demonstrate this curari-like 
action with the venom of the black snake (Pseudechis porphyriacus), but Arthus 
(1912) has shown that in the rabbit the venoms of the black snake and of 'the 
tiger snake (Notechis scutatus) both possess a powerful facilitating action upon 
curari or cobra venom when either is injected in dosage insufficient by itself to 
produce curarization, and that the venom of the tiger snake causes curarization 
of the diaphragm if injected repeatedly into rabbits in doses sufficiently small to 
avoid intravascular coagulation. More recently Houssay and Pave (1922) found 
that the curarizing dose of the venoms of Notechis scutatus and of Pseudechis 
porphyriacus were 0-005 and 0-03 mg. per 100 grms. in Leptodactylus ocel- 
latus, and that these venoms had a more powerful curarizing action in this species 
of frog than any of the thirteen other venoms tested, those of Crotalus terrificus 
and Naia naia being next in potency, 0-05 mg. per 100 grms. Houssay, Negrete, 
and Mazzocco (1922) also found that the venom of Notechis scutatus, tested in a 
concentration of 1 in 10,000 on the isolated nerve muscle preparations of frogs, 
caused complete curarization in 1}? hours. Kellaway, Freeman, and Williams 
(1929) showed that the venom of the death adder (Acanthophis antarcticus) has 
a powerful curarizing action upon the common sand frog, Lymnodynastes dorsalis, 


>> 
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1. THE CURARIZING ACTION OF SNAKE VENOMS UPON INTACT 
OR PITHED FROGS. 


The complexity of the toxic action of snake venoms and the various behaviom 
of different species of frogs account for most of the contradictions which are t: 
be met with in the results of those who have studied the action of snake venoms 
on intact or pithed frogs. In frogs, death following injection of snake venom doe 
not usually result from curarization, partly because they can still respire b) 
means of their skin when their respiratory muscles are paralyzed, and partly 
because they are more sensitive to other actions of snake venoms. Venoms con 
taining thrombins cause intravascular coagulation when they are injected inté 
the lymph saes or into the peritoneum, and some venoms without this coagulant 
power, or deprived of it by heating, act directly on the heart muscle, and caus 
death by cardiac failure. Peripheral action of the venom on the vessels, with 
profound fall of blood pressure, may also lead to a fatal issue. Ragotzi, among 
the early workers, clearly recognized the difficulties attendant upon demonstrat 
ing the curarizing action of venom in intact or pithed frogs. The venom must 
be used in a dose sufficiently large to exhibit the eurarizing action, and suffi 
ciently small to allow time for its production and to avoid a too early fatal result 
from heart failure or other cause. Aron (1883) failed to observe the curarizing 
action of cobra venom beeause he used too large doses. 

Our experiments, apart from a few in which we have heated the venoms to 
destroy thrombin, have been made on venoms devoid of coagulant action, those 
of the death adder (Acanthopis antarcticus) and the copperhead (Denisonia 
superba), and we have used the venom of the cobra (Nata naia) and eurari to 
control the susceptibility of the two species of frog, Hyla aurea and Lymno- 
dynastes dorsalis, upon which the experiments have been made. 

The experiments were carried out in a warmed room at 19°-20°C, The frogs were kept on 
moist filter paper under 6 or 8 inch funnels, and observed continuously for 48 and sometimes 
72 hours after injection of venom intraperitoneally or into a lymph sac. When they were 
paralyzed and had lost all response to external stimuli except the corneal refiex, the sciatic 
nerve was exposed in the thigh and the gastrocnemius muscle in the calf, and these were tested 
by stimulation with a faradice current from a coil with a pendulum interrupter actuated by a 
2 volt accumulator. After each test the nerve was returned to its normal position, and the 
skin flaps replaced to avoid drying. To exclude the possibility that any observed loss of 
irritability was due to drying of the nerve or muscle, the corresponding nerve and muscle of the 
other side were exposed and tested, when loss of irritability was strikingly evident, but before 
the heart had finally failed. 

In addition to numerous experiments of this type, a few were made upon pithed frogs, in 


which the muscles of one hind limb were isolated from the action of the venom by a ligature 
round the thigh, which did not include the sciatie nerve. 


In both species of frog curarization was readily achieved by curari injected 
intraperitoneally. In Hyla aurea doses of 0-5 and 1-0 mg. per 100 grms. were 
ineffective in frogs weighing about 25 grms., and produced no symptoms in 24 





CURARIZATION BY VENOMS 169 


hours. A dose of 2-0 mgs. per 100 grms. regularly produced curarization in 
frogs weighing from 25 to 67 grms. in 2 to 4 hours, and the heart continued to 
beat for from 7 to 20 hours after curarization was complete. A dose of 4-0 mgs. 


per 100 grms. caused slightly more rapid curarization, and the heart continued 


to beat for nearly 12 hours. Experiment 1 is typical. 

Experiment 1. Hyla aurea 52 grms; 2-0 mgs. curari per 100 grms. body weight injected 
intraperitoneally. Within 14 hours the frog could no longer turn over when placed upon its 
back. After 3 hours, though the corneal reflex could be elicited, there were no other responses 
to external mechanical stimuli. Stimulation of the right sciatic nerve, with a separation of the 
coils of 10 ems., caused contraction of the muscles of the leg and foot. The gastrocnemius con- 
traeted when stimulated directly with the coils separated 23 ems. (N= 10 cms. M = 23 ems.) 
After 34 hours the results of stimulation were N = O (no contraction with the coils in contact), 
M= 19-5 ems. The left nerve and muscle freshly exposed and similarly tested at four hours 
gave N=0O, M=28 ems. The heart was still beating strongly 22 hours after the injection. 

In Lymnodynastes dorsalis doses of 0-2 and 0-5 mg. per 100 grms. were 
ineffective. A dose of 1-0 mg. per 100 germs. in a frog weighing 44 germs. 
caused some paralvsis within an hour. The frog was fullv recovered after 2 
hours. and had no further svmptoms. Doses of 2:0 mgs. per 100 grms. in frogs 
weighing from 30 to 40 grms. caused eurarization in 2 hours, and the heart was 
still beating more than 12 hours after the injection. 

The action of cobra venom was different in these two species. In L. dorsalis 
there was no difficulty in demonstrating the curarizing action of the venom, but 
in a large number of experiments upon H. aurea in only one or two was there any 
evidence, and that not very impressive, of the peripheral action of the venom. In 
nearly all the experiments weak stimulation of the freshly exposed nerve at the 
end of the experiment still gave good contraction of the innervated muscles. 

In Hyla aurea a dose of 1-0 mg. per 100 grms. caused no symptoms. Doses 
of 2-0, 2-5, 3-0, and 4-0 mgs. per 100 grms. sometimes caused no symptoms, 
but in other frogs caused death in from 5 to 48 hours, usually without evidence 
of curarization, though in a few experiments strong stimulation of the nerve 
before death was necessary to elicit contraction of the innervated muscles. 
ixperiments 2 and 3 are instances of typical and atypical results. 

Experiment 2. Hyla aurea. 47 grms. Injected with 2-0 mgs, cobra venom per 100 grms. 
weight into the ventral lymph sac. After 30 hours there was paresis of the hind limbs, a much 
flattened decubitus and slight paralysis of the lower eyelids. After 32 hours the frog turned 
over with great difficulty. Death in 42 hours. Shortly before death, stimulation of nerve and 
muscle on both sides gave N = 36 ems., M= 30 ems. 

Experiment 3. Hyla aurea, 43 grms. Injected intraperitoneally with 3-0 mgs. cobra 
venom per 100 grms. After 44 hours the frog was unable to turn over when placed upon its 
back, and after 74 hours gave no response to any external stimulus except that the corneal reflex 
was still present. After 84 hours the right sciatic nerve and gastrocnemius gave N = 26 ems., 
M=24 ems. After 9 hours, just before death, the freshly exposed left nerve and muscle 
gave N = 20, M = 22, 





170 C. H. KELLAWAY anv H. F. HOLDEN 


In Lumnodynastes a dose of 0-4 mg. of cobra venom per 100 grms. causec 
some degree of paralysis during the first 24 hours, but gradual recovery took 
place by the end of the second day. A dose of 0-6 mg. per 100 grms. caused 
incomplete but evident curarization within 6 or 7 hours, cessation of the heart 
beat occurring an hour or so later. Experiment 4 illustrates this typical result 

Experiment 4. Lymnodynastes dorsalis, 17 grms. 0-6 mgs. cobra venom per 100 grms 
intraperitoneally. After 2 hours the animal was unable to turn over, and after 43 hours it gav: 
no response to external stimuli. After 33 hours the right nerve and muscle gave N = 30 ems 
M = 23 ems., and after 6 hours N= 8 ems., M = 18 ems., and the freshly exposed left nerv: 
and muscle N = 9 ems., M= 25 ems. Death took place 93 hours after the injection. 

Death Adder Venom. With this venom we were able to demonstrate its 
eurarizing action in both species of frog, though much less regularly and strik 
ingly in Hyla aurea than in Lymnodynastes dorsalis. In Hyla aurea doses from 
2-0 mgs. to 4-0 mgs. per 100 grms. were fatal, though not invariably so, in from 
24 to 27 hours. The lower dose did not always cause symptoms, and in some 
experiments no evidence of curarization was noted. Experiment 5 shows 
curarization. 

Experiment 5. Hyla aurea, 57 grms. 2-0 mgs. per 100 grms. injected intraperitoneally. 
After 3 hours, was unable to turn over when place upon its back. After 33 hours, stimulation 
of the right nerve and muscle gave N = 29, M = 21, and after 5 hours N= 0, M = 17 ems. 
The freshly exposed left nerve gave N = 7 ems., M = 30 ems, at this time, when the heart was 
still beating, though it had ceased within half an hour. 

Reinjection of venom after 48 hours in frogs which had had a dose insuffi- 
cient to cause symptoms invariably caused curarization. This illustrates the 
importance of a prolonged time of action. In one case a second dose of 1-0 mg. 
intraperitoneally caused death within 12 hours, and after 10 hours eurarization 
was almost complete with the freshly exposed nerve and muscle N = 7, M = 2835. 

In Lumnodynastes dorsalis doses of 0-2 to 0-4 mg. per 100 grms. were regu- 
larly effective in causing curarization in 10 to 12 hours. 


Copperhead Venom. This venom in both these species of frog has a potent 
direct action on the heart, and in neither were we able to obtain satisfactory 
evidence of curarizing action. In Hyla aurea doses smaller than 2-0 mg. per 
100 grms. usually failed to cause symptoms, and doses of from 2 to 4 mg. per 100 
germs. were found to kill in between 43 hours and the fourth day. Experiment 6 
is a typical result. 


Experiment 6. Hyla aurea. 5-6 grms. 3 mgs. per 100 grms. of copperhead venom in the 


ventral lymph sac. After 13 hours was just able to turn over, and after 16 hours appeared to 
be completely paralyzed. At this stage the right sciatic nerve and gastrocnemius gave N 44, 
M= 19; after 18 hours the corneal reflex was lost, and the freshly exposed left nerve and 
muscle gave N= 41, M= 28. The heart ceased to beat shortly afterwards. 

In Lymnodynastes dorsalis doses of 0-1 and 0-2 mg. per 100 grms. caused 
symptoms from which recovery ensued. <A dose of 0-4 mg. per 100 grms. was not 
invariably fatal. Larger doses caused early death, with no sign of eurarization. 
Experiment 7 is an example of the nearest approach to curarization which we 
observed, 
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Experiment 7. Lymnodynastes dorsalis. 36 grms. 0-4 mgs. per 100 grms, of copperhead 
venom injected intraperitoneally. After 9 hours the frog could just turn over, and after 113 
ours there was no response to external stimuli. At this stage the right nerve and muscle gave 
N = 38, M= 22. After 14} hours, shortly before the heart ceased to beat, the freshly exposed 
left sciatic nerve and leg muscles gave N= 24, M = 17. 

In these experiments upon two species of frogs, both of which can regularly 
be ecurarized with curari, the curarizing action of snake venoms can more readily 
be observed in Lymnodynastes dorsalis. In neither species could the curarizing 


action of copperhead venom be demonstrated with certainty. The curarizing 


action of cobra and death adder venoms could be shown regularly and strikingly 
in Lymnodynastes dorsalis, but only irregularly in Hyla aurea. Since all three 
of these venoms have a powerful and regularly demonstrable curarizing action 
in mammals (cats and rabbits), it must be emphasized that failure to observe 
curari action in the living frog cannot be taken as proving the impotence of a 
venom in this respect. To eliminate the complicating effect of other toxie actions 
of snake venoms we have carried out a series of experiments, using the isolated 
sciatic gastrocnemius preparation of Hyla aurea. 


2. EXPERIMENTS ON ISOLATED GASTROCNEMIUS SCIATIC 
PREPARATIONS OF HYLA AUREA. 


We used the classical in vitro method of Claude Bernard. 

Two nerve muscle preparations from a single frog were put up in a wax-lined petrie dish, 
separated into two compartments by a wax partition, in which two slits packed with vaseline 
permitted the transit of the nerves. One muscle and one nerve were immersed in physiological 
saline solution (NaCl 0-65%, KCl 0-014%, CaCl, 0-024%, NasHPO, 0-0075%), and the 
corresponding nerve and muscle in saline containing venom. The experiments were carried out 
at room temperature 18°-19°C. About 60 tests were made, using 16 different venoms in 


TABLE 1. 


The Peripheral Action of Acanthophis antarcticus on Gastrocnemius Sciatic 
Preparations of Hyla aurea. 


Concentration. Effect on irritability of muscle. 
$v indirect stimulation. By direct stimulation. 
Time. Result. Time. Result. 
1 : 5,000 6 hours 8-5 6 hours 16-5 
35 21 
7 hours 0 84 hours 
35 
1 : 4,000 43 hours 0 6 hours 
33 
3 hours 0 6} hours 


50 minutes 33 


1 : 2,000 3 hours 4} hours 
10 minutes 
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various concentrations. Since there was much individual variation in the resistance of th 
frogs, a very large number of experiments would have been necessary for the complete quantit: 
tive comparison of the venoms. 


In Table 1 are set out the results of the typical investigation of a venom, fiv 
experiments being recorded. Here the largest distance separating the secondar: 


from the primary coil at which contraction of the envenomed muscle was pro 
duced is expressed as numerator, the figure obtained at the same time for th 
muscle in saline being given as the denominator. If no contraction was caused 
even with the coils in contact, the numerator is written as 0. The results of in 
direct stimulation are similarly recorded. 

In Table 2 are set out the concentrations in which complete curarization was 
observed with all the venoms studied, together with the times necessary for this 
effect to be produced. Owing to the relatively small numbers of observations for 
each venom, we have defined only approximately the limiting concentration at 
which curarization was complete. 


TABLE 2. 

Concentrations of Snake Venoms required to cause Complete Curarization of 
Isolated Gastrocnemius Sciatic Preparations of Hyla aurea at 18°-19°C. 

Naia naia 


Bungarus cocruleus 
Bungarus fasciatus 


Indian Cobra 
Common Krait 
Banded Krait 


43 hours 


: 200,000 
: 10,000 3} hours 


10,000 4 hours 


Australian Brown Snake 
Australian Copperhead 
Australian Black Snake 


Demansia tertilis 
Denisonia superba 
Pseudechis porphyriacus 


10,000 
10,000 
10,000 


54 hours 
} hours 
hours 


Death Adder 
King Cobra 


Acanthophis antarcticus 5,000 hours 
Naia hannah 5,000 hours 
Enhydrina schistosa 5,000 hours 
Notechis scutatus 4,000 4—6 hours 
Notechis scutatus var. niger 4,000 5 hours 
Echis carinata 2,000 5 hours 
Crotalus adamanteus 2,000 


1 
1 
1 
1 
] 

i: 

Pseudechis australis 1: 10,000 5 hours 

1 
1 
1 
Australian Tiger Snake 1 
1 
1 
1 


The venoms of Vipera russelli and of Oryuranus scutellatus in a concentra- 
tion of 1 : 2,000 were without curarizing action in 6 hours. The venom of the 
latter, a rare North Queensland species, was much denatured, though its curariz- 
ing action could be demonstrated in the rabbit. The living animal may be capable 
of dissolving denatured protein, which can thus exert its curarizing action. It 
must, however, be noted that the action of venoms in living warm-blooded animals 
is not always parallel to that upon isolated amphibian tissues. 

It will be observed that all the Australian venoms (except Oryuranus scutel- 
latus) exhibit a ecurari-like action in these in vitro experiments. Houssay, Negrete, 
and Mazzocco (1922) in similar experiments, using tissues from Leptodactylus 
ocellatus, observed complete curarization with Notechis scutatus 1 : 5,000, and 
in some concentration with all the fourteen other venoms which they studied, and 
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which ineluded the following in common with our series: Naia naia, Bungarus 
fasciatus, Naia hannah, Echis carinata, and Pseudechis porphyriacus. The 
remaining venoms were chiefly from species of Lachesis and Crotalus. In our 
experiments, as in theirs, the irritability of muscle to direct stimulation, before 
curarization became complete, diminished below that of the control muscle in 
saline. 

Our results divide the venoms which we used into three groups. In the first 
are venoms with a pronounced action upon muscle, causing complete loss of 
irritability in concentrations of 1 in 8,000 to 1 : 10,000. These include the venom 
of the Indian cobra, which is active in causing this effect in concentrations up to 
1 : 100,000, and those of the common and banded krait and of the Australian 
black snake. The second group consists of two Australian venoms, those of the 
copperhead and of Pseudechis australis. These have a less constantly powerful 
effect on muscle in concentrations of 1 : 2,500 to 1 : 5,000. The venoms of the 
third group, which embraces the remaining venoms tested, have still less direct 
action, even in a concentration of 1 : 2,000. Even with these some reduction in 
irritability of muscle was always demonstrable. 

Houssay and his colleagues lay much stress upon the occurrence of fibrillary 
tremors and contractures of the muscle immersed in venom solutions in concen- 
trations up to 1 : 200. We have not used venoms in greater strength than 1 mg. 
per ¢.¢., and such tremors and fibrillations were only irregularly observed. 

In these experiments the isolated nerve muscle preparations were undoubt- 
edly subjected to some degree of asphyxia, but oxygenation of the Ringer made 
no significant difference to the results, and the muscle and nerve in saline must 
be regarded as an adequate control. 

We have sought to ascertain whether the curarizing action of venom on these 
isolated preparations is in other respects similar to that of ecurari, and for 

, 


this purpose have studied the changes in indirect ‘‘chronaxie’’ measured by 


stimulation of the nerve, and in direct ‘‘chronaxie’’ measured by stimulation of 
the muscle, using the condenser method devised by Lapieque (1926). 


3. THE CHANGES IN CHRONAXIE OF NERVE MUSCLE PREPARA- 
TIONS UNDER THE INFLUENCE OF VENOMS AND OF CURARI. 


The apparatus used consisted of (i) a vernier potentiometer made by one of us (H.F.H.). 
This was of 8,000 ohms, reading to 80 volts by 0-01 volt. Its rheostat was in duplicate, so 
that by the use of a factor switch and without moving any of the contact arms or of the 
adjustable resistances of the rheostat, the potential tapped could be halved. (ii) A box of 
condensers so arranged that any capacity from 0-001 m.f. to 15 m.f. could be employed. The 
condensers were selected and their capacities determined for us by Associate Professor E. 
Brown, of Melbourne University. (iii) A set of non-inductive resistances which were tested 
repeatedly and remained constant throughout our experiments. (iv) A battery of 45 accumu- 
lators of 5,000 milliamp. hours capacity. Variations of potential due to the battery were 


reduced to a negligible value by frequent correction of the potentiometer against a standardized 
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portable potentiometer. (v) Non-polarizable silver-silver-chloride electrodes in hooked glas 
vessels, with a minute pore in the concavity of each hook. The electrodes were fixed 1-0 t 
1-2 em, apart, in an adjustable wooden clamp. To prevent the action of light, th 
containing vessels were filled with 10% gelatine in 0-9% saline, in which 10% charcoal was 
suspended. The stout silver wire forming the electrode protruded through a wax seal 
the top of the electrode vessel, and was soldered to an insulated copper wire lead. The tw 
leads were twisted together. The electrodes were electrolitically chlorinated each morning 
before use, and were frequently examined for any sign of polarization or of any potentia 
difference between them. On the appearance of any such fault they were discarded and fres! 
ones made, Their resistance was frequently determined—in our later work at the beginnin; 
and end of each experiment. 

To avoid individual variation in resistance of frog muscle and changes in room temperatur 
during the experiment, one preparation from an animal was put up in curari of appropriat: 
strength and the other in snake venom, The temperature ranged from 17°-18-5°C., and the 
experiments were done during the months of September, October, November, and Decembe1 
A few experiments were also made at 12°-13°C. The venoms used were those of the coppe: 
head, Denisonia superba, death adder, Acanthophis antarcticus, and tiger snake, Notechis scutat us 
und Notechis scutatus var. niger. The muscle of the isolated gastrocnemius sciatic preparations 
was observed with a lens, and for convenience in applying hooked electrodes to the muscle a 
iiny weighted thread was attached to the tendon, We were always careful to determine th« 
rheobase before and after each observation of the condenser value, and if any change occurred 
the reading was repeated till the rheobase was constant. 


Before comparing curari and each of the snake venoms on pairs of nerve 
musele preparations, a number of experiments were earried out, in which one 
preparation served as a control and was kept throughout in Ringer’s solution. 


No significant changes in chronaxie occurred in these control preparations. 


Oxygenation of the Ringer’s solution, as in our experiments, in which the irrit- 
ability of nerve and muscles was tested by faradie stimuli, did not appear to be 
necessary at the temperatures at which our observations were made. 

Curari was tested in a number of concentrations until one suitable for comparison with 
venoms was obtained. In 1: 1,000 there was curarization in a little over an hour, with 
1: 2,000 in 1 hour and 14 hours, with 1:4,000 in 1} hours, with 1: 10,000 in 2 hours, 
with 1 : 40,000 in 24 hours, with 1 : 100,000 in 24, 24, 314, 34, 34, 34, 3%, 44, and 43 hours. 

Copperhead venom in a concentration of 1 : 5,000 caused curarization in 2, 4, 4, and 44 
hours; in 1 : 8,000 in 14, 3, 3, 34, 4, and 4 hours; and in 1 : 10,000 in 3} and 43 hours. 

Death adder venom in a concentration of 1 : 5,000 caused curarization in 2, 34, 34, and 44 
hours; in 1 : 8,000 in 2, 3, 4, and 44 hours; and in 1 : 10,000 in 3} and 4 hours. 

Tiger snake venom in 1 : 2,000 caused curarization in 44 hours, and in 1 : 4,000 in 6 hours; 
and the black tiger snake venom caused a similar effect in 1 : 2,000 in 514 hours, and in 1 : 4,000 
in 6 hours. 

The earlier appearance of curarization in these than in our former experiments may in 
part be accounted for by the fact that in these experiments an interval of at least an hour 
elapsed between the setting up of the preparation and its immersion in venom. This was due 
to the necessity of allowing the preparations to settle down before their initial testing. In the 
experiments in which curarization was tested by faradic stimuli, the preparations were immersed 
in venom without delay; they were also less frequently tested than in the present group of 
experiments. The two sets of experiments were carried out at different times in the year, and 


neither was sufficiently numerous to exclude individual variation, 
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The course of the changes in these experiments, except a few in which 
the results were complicated by fatigue due to very frequent testing, and which 
we are deferring for later consideration, was in all essentially similar, and there 
was no difference between the behaviour of nerve muscle preparations treated 
with curari in a concentration of 1 : 100,000 and with the venoms in the concen- 


trations noted above. A single experiment is sufficient to illustrate the general 


results obtained. 


Lxperiment 8. 19-5°C. Resistance of electrodes 1,500 ohms. Resistance for indirect 


chronaxie 10,000 ohms, and for direct chronaxie 20,500 ohms. The capacity used for determina- 
tion of Rheobase was 4 4 F till direct chronaxie rose greatly, when 12 4 F was used. 

11.0 am. Right and left gastrocnemius sciatic preparations of Hyla aurea put up in 
Ringer’s solution. 

11.58 a.m, 


Right preparation in 1 : 100,000 curari and left in death adder venom 1 : 5.000, 


Indirect Chronaxie Determination. Direct Chronaxie Determination. 


Time. 


Right Curari 1: 


Rheobase 
in volts. 
100,000 


Capacity 
in yw F, 


Chronaxie 
ing. 


Rheobase 
in volts. 


Capacity 
inuw F, 


Chronaxie 
ino. 


11.50 a.m, 0-40 
1.25 p. 0-95 
1.45 p.m, 1-0 
10 p.m. 1-0 
24 p. 1-05 
3 p. 1-05 
7 p- 1-05 
22 p. 1-20 
38 p.m. 1-0 


2 p.m. 1-15 


0-112 0-41 Q- 0-045 0-34 
0-095 0-3 : 0-045 0-34 
0-090 0-3 
0-100 0-3 
0-100 0-3 
0-085 0-3 

-3 

3 


1 

1 0-039 -30 
1 0-035 +27 
1-2 0-037 +28 
1- -037 +28 
1 
1 
2 
1 


0-095 0 
0-090 0- 
0-080 0-: 
0-100 0-3 


-037 -28 
-035 +27 
-040 -30 
+045 -34 


) 
2 
> 
l 
ov 
2 
o 
) 


» 
» 
» 
3. 
3. 
3. 
3. 


‘ 
‘ 
‘ 


F for rheobase. 
3.56 p.m, 


3.58 p.m. No response 70 volts. 


Death Adder 1 : 5,000. 
55 a.m, 0-48 
.12 p.m. 0-70 
.25 p.m. 0-65 
2.3 p.m. 0-85 


0-105 3s . -055 -42 
0-090 +3: +35 -045 +34 
0-080 ‘ : +045 -34 
0-080 . . -042 -32 
2.30 p.m. 1-05 0-070 ; 2! -040 -30 
2.50 p.m. 1-15 0-070 . P -040 -30 
3.18 p.m. 1-15 0-090 “3% . -040 +30 
12 w F for rheobase. 
3.32 p.m. 2-5 1- -7 5-3 
3.34 p.m. No response 70 volts. 1- 7 5-3 
The examination of the changes in direct and indirect chronaxie does not 
afford any indication that the action of curari is in any essential respect dis- 
similar from that of the venoms. With both there is a tendency for the direct 
and the indirect rheobase to rise throughout, though this change is not so regular 
in experiment 8 as in other of our experiments. The chronaxies, both direct and 
indirect, generally fall slightly until the time approaches when curarization 
becomes complete. The direct chronaxie then rises sharply to very high values, 
which vary greatly in successive observations, unless, as here, a large condenser 
is used for the measurement of the rheobase. The indirect chronaxie at this time, 
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or shortly afterwards, can no longer be measured. Sometimes a high rheobasic 
value can be obtained without any corresponding chronaxie being observable with 
the range of condensers available, but within a few minutes no available stimulus 
is sufficient to cause contraction. 

We do not propose to discuss here the question as to whether the snake venoms 
and curari block the passage of the nervous impulse to muscle by producing a 
profound disparity between direct and indirect chronaxie, and we have refrained 
from the assumption that the former is the chronaxie of muscle and the latter of 
nerve. These experiments throw no light on the seat of action of curari and of 
the venoms, whether this be a hypothetical end-plate substance or, as Lapicque 
believes, the muscle itself. 

The rise in the direct rheobase and the slight fall in direct chronaxie, which 
occurs before the final sharp rise in chronaxie, may be related, as Lapicque sug- 
gests, to inbibition consequent upon increase in the permeability of the muscle 
cells. A difference between curari and those venoms which have a striking direct 
action on muscle is to be observed in the inbibition of water by frog muscle 
immersed in solutions of these poisons. The Lapieques (1914) have shown that 
inbibition is less in solutions of curari than in physiological saline, and the experi- 
ments new to be recorded exhibit very striking increase in inbibition in the case 
of several of the venoms tested. Possibly the close parallelism between death 
adder and tiger snake venom in respect of changes of chronaxie is related to the 
fact that the behaviour of these venoms in inbibition experiments is similar to 
that of curari, but copperhead venom, which causes striking increase in inbibition, 
did not show any constant divergence in the chronaxie experiments, except that 
the rise in the direct rheobase was usually very considerable. This was not 
attended by any disproportionate diminution of the corresponding chronaxie 
values. Cobra venom, which also causes striking increase in inbibition, behaved 
like copperhead in a few estimations of the changes in chronaxie caused by it. 


4. THE EFFECT OF VENOM UPON INBIBITION OF WATER BY 
FROG MUSCLE IN SALINE. 


Houssay and his colleagues studied this effect upon their group of venoms, 
and we have carried out a similar set of experiments. The gastroenemii of a 
frog were carefully dissected out, dried with hardened filter paper, and weighed. 
One was placed in 10 ¢.c. of our Ringer’s solutions, and its fellow in 10 ¢.e. of a 
0-1% solution of a venom. The muscles were lifted out, dried with hardened 
filter paper, and weighed to the nearest milligram at half-hourly intervals for 
4or5 hours. The results of these experiments are set out in Table 3. 


It will be seen that the venoms tested can be arranged in two groups: those 
in which the venom has a striking effect upon inbibition, and those in which it 
has none. To the first group belong those venoms which have a strong or moderate 
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TABLE 3. 


Percentage Gain or Loss in Weight at Various Intervals of Time of Gastrocnemii 
of Hyla aurea immersed in Solutions of 0-1% Venom in Saline. 


Venom. 4 hour. lhr. 13 hr. 2hrs. 2ihrs. Shrs. 34hrs. 4hrs. 44 hrs. 


Nil +5-1 +7-6 +8-2 +10-0 +11-8 
Nil + 4-2 +6-9 +8-4 +9-9 +11-0 


Nil 8 0 +0- -4 +0-4 
Nil ° 0 +-(Q- -4 0-8 


Cobra “8 + 15-5 “8 22-5 +24-8 
Nil +4. 7. +8 .¢ +Q. +10-5 


Cobra 


Nil 

Copperhead 

Nil 

Black 

Nil 

Pseudechis australis 


Nil 


Tiger 
Nil 


Black Tiger 
Nil 


Death Adder 
Nil 
3anded Krait 


Nil 


King Cobra 
Nil 


Daboia 2 
Nil +3- 


Crotalus +0- ra =e ore 3+: ome -5- +4- 
Nil +0. +]. +2.! 2. 3-3 , »é: 


effect on the irritability of muscle—the venoms of the cobra, banded krait, Aus- 
tralian black snake, of Pseudechis australis, and of the copperhead ; to the second, 
those in which the effect upon muscle irritability is slight—those of the death 
adder, Australian tiger snake, king cobra, and crotalus. The venom of the 
daboia occupies an intermediate position, and furnishes the only exception in the 


general correspondence of these results with those of the examination of changes 
in irritability of muscle. 


Houssay finds tbat the direct action upon muscle is paralleled by the haemo- 
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lytic power of the venoms upon dog’s corpuscles in the presence of homologous 
serum, and suggests that the action of venom upon muscle is determined by th: 
lecithinase which causes haemolysis (Delezenne and colleagues, 1911 and 1914 
which, acting on the lipoid constituents of the limiting layer of the musele cells. 
probably causes changes in permeability which lead to swelling and loss of irrit 
ability. Haemolytiec agents may be divided into two classes (Bayliss, 1924) 
those like hypotonic saline, which cause swelling before haemolysis, and those lik: 
saponin, which cause no preliminary swelling of the cell. Snake venoms belong 
to the former class of haemolytic agents. Essex and Markowitz (1930) have 
shown this with the venoms of Crotalus horridus and C. atrox, and in some un 
published experiments with Miss Williams we have recently found the same to 
be true of the Australian snake venoms. 

There is, however, no completely satisfactory way of comparing venoms in 
regard to haemolytic activity, and in in vitro tests the order varies somewhat, 


according to the species of blood corpuscles used for testing, and greatly, accord 
ing to whether the test is made with defibrinated blood or with washed corpuscles. 


If, however, we take for comparison the results obtained with washed mammalian 
corpuscles (man, horse, dog, rabbit, and guinea-pig), the common Australian 
venoms may be divided into two groups. In the first group are those of the black 
snake and copperhead, which, like the cobra, are powerfully haemolytic, and in 
the second, with feebler haemolytic power, those of the brown snake, tiger snake, 
and death adder. Our results therefore agree in general with those of Houssay 
and his colleagues in indicating a definite parallelism between the direct action 
of snake venoms on frog muscle and their haemolytic power on mammalian 
erythrocytes. 
CONCLUSIONS. 

Evidence is presented that all the common Australian snake venoms possess 
a curarizing action, which is easily demonstrable in isolated frog nerve muscle 
preparations, but not so readily in intact frogs. This action resembles that of 
eurari in respect of the changes produced in direct and indirect chronaxie. 
Changes in the irritability of muscle itself are accompanied by changes in the 
inbibition of water by isolated muscle, and are roughly paralleled by the haemo- 
lytic effects of the venoms upon mammalian erythrocytes. 
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THE PERIPHERAL ACTION OF THE AUSTRALIAN 
SNAKE VENOMS 


2. THE CURARI-LIKE ACTION IN MAMMALS. 
by 
C.H. KELLAWAY, R. 0. CHERRY?!, AND F. ELEANOR WILLIAMS 
(From the Walter and Eliza Hall Institute, Melbourne). 
(Submitted for publication 7th July, 1932.) 


Though the present paper is concerned primarily with the Australian snake 
venoms, we have seized the opportunity, afforded by a valuable gift of venoms by 
Sir Charles Martin, of studying at the same time the venoms of some other 
Colubridae, and also those of one or two viperine snakes. Houssay and Pave 
(1922) have given an excellent review of earlier work on most of the venoms 
which we have used, and here we have briefly summarized the more important 
findings concerning each of them. 

Colubrine Snake Venoms. The Australian venoms studied were those of the 
tiger snake (Notechis scutatus and Notechis scutatus var. niger), the copperhead 
(Denisonia superba), the death adder (Acanthophis antarcticus), the common 
black snake (Pseudechis porphyriacus), Pseudechis australis, the common brown 
snake (Demansia textilis), and the taipan (Oxyuranus scutellatus). 

Martin (1895) could not demonstrate any curarizing action of the venom of the black snake 
in rabbits, but Arthus (1912) observed curarization with this venom as well as that of the tiger 
snuke. Kellaway (1929, 1930, and 1931), and Kellaway and Thomson (1930, 1932) in the 
course of observations on lethal dosage, which were not specifically directed towards this point, 
observed curarization with tiger snake venom in guineapigs and rats, with copperhead venom in 
guineapigs, with death adder venom in monkeys, with brown snake venom in monkeys and cats, 
and with the venom of the taipan in rabbits. Curarization was not observed with black snake 
venom nor with that of Pseudechis australis. 

The Indian venoms studied were those of the cobra (Naia naia), of the hama- 
drvad (Naia hannah), of the common krait (Bungarus coeruleus), of the banded 
krait (Bungarus fasciatus), and of a sea snake (Enhydrina schistosa). 

Lauder, Brunton, and Fayrer (1873-1874) first observed curarization with cobra venom 
in the dog; Wall (1881), Rogers (1904), and Elliot (1905) also observed it, but regarded the 
central action of the venom as more important. Ragotzi (1891) clearly recognized the import 
ance of the curarizing action of the venom in the eat and rabbit, and denied that there was any 
evidence of central action on the respiratory centre. The more recent work of Arthus (1910), 





1 Physicist to the Radio Research Board, Natural Philosophy Laboratory, University of 
Melbourne, 
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and of Cushny and Yagi (1918), has substantiated this view, with which Houssay and his 
colleagues (1922) also concur. 

Rogers (1904) observed the curarizing action of the venoms of the hamadryad, of th 
common and banded krait, and of Enhydrina schistosa, Fraser and Elliot (1904) also observe: 
the curarizing action of this last venom, and Elliot, Sillar, and Carmichael (1904) demonstrate: 
the peripheral action of the venom of the common krait in cats and rabbits. Arthus (1912 
also demonstrated the curarizing action of the venoms of the hamadryad and common krait. 


Viperine Venoms. Only three of these were available : the venoms of Crotalus 
adamanteus, Vipera russelli, and Echis carinata. 

Rogers (1904) was unable to demonstrate any curarizing action with the venom of 
Vipera russelli, and Arthus (7912) likewise failed to demonstrate any curarization with th 
venom, or with that of Crotalus adamanteus. Houssay and Pave (1922) have shown that th 
venom of Echis carinata has a curarizing action upon isolated frog muscle. 


The venoms of most of the Colubridae have therefore a curarizing action. It 
remains uncertain whether or no they possess in addition a direct action upon the 


respiratory centres, and whether death, which with nearly all of them results 
from asphyxia due to cessation of respiratory movement, is due to a hypothetical 
central, or to a proved peripheral action. 

In the ease of cobra venom there is a considerable body of indirect evidence 
that the peripheral action is predominant. 


The main evidence relied upon by those who maintained that the venom has a primary 
action on the medullary centre was, (1) that when respiratory movement ceased, curarization 
of the diaphragm was often incomplete, powerful stimulation of the phrenic nerve still eliciting 
contraction of the diaphragm; (2) that in the early stage of poisoning the respiratory rate and 
extent were both augmented before slowing and diminution of volume occurred (this was 
thought to indicate preliminary stimulation and later paralysis of the respiratory centre); and 
(3) that dry venom applied to the floor of the fourth ventricle in an anaesthetized animal could 
cause death by rapid failure of respiration without any curarization of the diaphragm being 
evident (Elliot (1905) ). 

Against this, it has been shown that the symptoms produced by curari and by venom are 
practically identical, and that the circulatory and respiratory changes accompanying both are 
closely similar. In curari poisoning the same incomplete curarization is frequently observed 
when failure of respiratory movement has occurred. The poisons are additive in their action 
(Arthus), and the main difference between them is that curarization by venom is, generally 
speaking, irreversible, and by curari rapidly reversible; but Arthus (1910) has shown that life 
may be maintained by artificial respiration for some time though not indefinitely, and that 
curarization by cobra venom may be reversed by antivenine. 

In animals poisoned with cobra venom Ragotzi (1890) found that convulsive and reflex 
movements were present in a limb, from which venom had been excluded by ligature, when they 
were absent elsewhere, and observed respiratory movements of the alae nasi after the move 
ments of the diaphragm and costal muscles had ceased. Cushny and Yagi (1918) observed 
the vagal reflex of Hering and Breuer during artificial respiration after the failure of respira- 
tion, and showed that the slowing of respiration in cobra poisoning could be accounted for by 
failure of aeration without postulating any action of venom on the central mechanism. Finally, 
Arthus has shown that the preliminary phase of stimulation of respiration before paralysis 
does not necessarily indicate a central effect, for cocainization of the bulb is not followed by 
any preliminary period of stimulation. 
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The present work has been directed towards ascertaining which of the 
Australian snake venoms possess a curarizing action; whether or no the eurariza- 
ion of the respiratory muscles is the predominant cause of failure of respiration ; 
and, finally, whether any evidence can be obtained of direct action of venoms upon 
the central respiratory mechanism. 


1. THE CURARIZING ACTION OF AUSTRALIAN VENOMS. 


Experiments to ascertain which of the venoms studied possessed a curari- 
like action were carried out in cats and rabbits. Since the majority of these were 
directed towards ascertaining whether this effect, if present, was the cause of 
respiratory failure, we propose in this section to summarize without experimental 
detail the results in regard to presence or absence of curarization. This was 
tested by faradic stimulation of the phrenic nerve and of the diaphragm itself 
shortly after respiratory failure, but while the heart was beating strongly and 
the blood pressure well maintained under artificial respiration. 

Of the Australian venoms we failed to demonstrate curarization with one 
only, that of Pseudechis australis. This venom has no coagulant action, but has 
a powerful direct effect upon the heart muscle. Given intravenously in rabbits, 
in amounts equivalent to one or two lethal doses, it causes sudden death after a 
variable period, without any symptoms other than haemoglobinuria. The mode 
of death is not asphyxial, and when failure of respiration occurs it is not possible 
to revive the animal by artificial respiration. In seven experiments in which the 
venom was given subcutaneously. or in divided doses intravenously, we did not 
once observe any trace of curari-like effect. 

With the two viperine venoms tested, those of Echis carinata and Crotalus 


adamenteus, both of which were given subcutaneously, a condition of profound 


circulatory shock preceded death. There was much haemorrhagic oedema round 
the site of the injection, and it was not possible to revive the animals when the 
respiration suddenly failed. The diaphragm was not curarized in Crotalus 
poisoning, but in one experiment with Echis carinata ecurarization was complete. 
Our experiments do not suggest that curarization of the respiratory muscles, even 
though it can be demonstrated, plays any part in death from viperine venoms, 
and the recent experiments of Essex and Markowitz (1930) have demonstrated 
most completely the importance of the shock-like condition produced by cognate 
venoms. 

All the venoms of the Colubridae which we tested, except that of P. australis, 
exhibited a curari-like action, and, as will be seen, this is the cause of failure of 
respiration, and with few exceptions is normally the predominant factor in 
causing death. 
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2. CURARIZATION OF THE MUSCLES OF RESPIRATION BY SNAKI 
VENOMS AS THE CAUSE OF RESPIRATORY FAILURE. 


The experiments which demonstrate that curarization of the respirator) 
muscles by snake venoms, and not failure of the central respiratory mechanisn 
is responsible for failure of respiration, depended on the amplification and aura 

> . . . . n 
record by a loud speaker of the descending impulse in the phrenic nerve. Tw: 
procedures were followed, both of which were applicable to venoms withou' 


obvious coagulant action when injected intravenously, and the second only t 


venoms containing a thrombin. 


In the first method the animal was anaesthetized with sodium amytal or dial (50 to 60 mgs. 
per kilogram intraperitoneally for rabbits), ether being used in addition during the necessary 
operative procedures. A tracheal cannula was tied in, and the blood pressure recorded in th: 
left carotid, which, if the phrenie nerve was to be picked up in the neck, was mobilized by 
division between ligatures before inserting the cannula. In this case the sterno-mastoid was 
also divided between ligatures, or strongly retracted inward to give good access. It was found 
useful to test the phrenic with a feeble faradie current before placing the non-polarizabk 
electrodes under it. Usually the nerve was not divided, but in some experiments both in the 
neck and thorax the nerve was divided to exclude the possibility that sensory phrenic were 
being mistaken for motor phrenic impulses. (We have not so far been able to hear ascending 
impulses with our apparatus). 

When the nerve was tested in the thorax, a window was made by opening the chest wall 
on the right side between bowel clamps. This can be done without shock or loss of blood in 
2 or 3 minutes, and rabbits weighing more than 2 kgs. often go on breathing satisfactorily for 
half an hour or more with well oxygenated blood and a good level of blood pressure without 
resort to artificial ventilation. 

The venom was injected into an ear vein in a single dose (or, if this was likely to cause a 
severe initial fall of blood pressure, in several divided doses) in sufficient total amount to 
cause failure of respiratory movement. When this occurred, artificial respiration was applied. 
The phrenic nerve and diaphragm were tested by faradic stimulation, and the presence of the 
respiratory impulse was sought. Usually the thorax was not opened till this stage. The animal 
was now kept alive for some time longer under artificial ventilation, and tested from time to 
time. This method requires the exhibition of venom in excess of the certainly lethal dose in 
order to have the animal under experiment for a reasonable time—at the most 4 or 5 hours. 

The second method was tedious, but the conditions obtaining were more nearly normal. 
The venom, if it contained thrombin, was administered subcutaneously on the evening of the 
day preceding the experiment, and the animal was kept under careful observation until it 
exhibited respiratory failure. The breathing first became costal in type but finally, after a 
period of varying length, during which there were starting movements, cyanosis, very much 
slowed heart beats and over action of the accessory muscles of respiration, it finally ceased 
altogether. The animal gave feeble convulsive movements, the corneal reflex was lost, and the 
pupils were dilated. At this stage a tracheal cannula was rapidly inserted and artificial 
respiration was given, at first of air but, so soon as the corneal reflex returned, of air contain 
ing ether. When the animal was anaethetized the blood pressure was recorded and artificial 
respiration was temporarily discontinued to ascertain what the response to asphyxia was. The 
thorax was now opened, and the phrenic nerve and diaphragm were tested with faradic stimuli. 
The phrenic was placed on the non-polarizable electrodes and the respiratory impulse, very 
much exaggerated by the asphyxia, was heard. When the nerve was tested in the thorax the 
respiratory impulse was accompanied by sounds synchronous with the beat of the heart. These 
were not heard when the nerve was picked up in the neck, They gave warning by becoming 
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‘lower and feebler, when it was unsafe to continue the asphyxia longer. In nearly all cases at 
his stage severe asphyxia was unattended by any trace of respiratory movement, costal or 
iaphragmatic, though in many animals movements of the alae nasi could be observed which 
were approximately synchronous with the respiratory impulse. 
The amplifier. Those workers who have investigated the nature of the motor impulse in 
ie phrenic nerve have made use of conventional resistance—capacity amplifiers (Gasser and 
Neweomer (1921), Adrian and Bronk (1928)). We have therefore applied this circuit to the 
present problem. We made preliminary experiments with a smaller experimental amplifier, but 
the circuit as finally evolved is shown in fig. 1. 





- 30000. 








100000. 


100000wu 
0SuF 








© A-B-C+ 


wy 
Sibiiens 








© X 





C- 24v. 


The desirable features in an amplifier for use in aural tests where phase distortion is of 
little importance are (i) sufficient sensitivity, (ii) stability, and (iii) no amplitude distortion 
even at low frequencies. 

The third characteristic is the most easily attained; it involves the correct values of 
coupling components between valves (condenser and grid-leak), and the correct adjustment of 
grid bias for applied anode potential so that the valve is working on the straight part of its 
characteristic. Fortunately, the values of all these variables are far from critical, and those 
shown in the figure were adopted since the parts were readily obtainable locally. The power 
valve in the output stage was a Philips (443 (penthode), which was very suitable for the 
limited battery voltage available. The loud speaker used was a moving coil-permanent magnet 
type, fed by a Ferranti O.P.2 transformer, and while the matching of impedances was far from 
perfect with this output arrangement, the actual performance was satisfactory. This speaker, 
which was in the possession of one of the writers, had been specially constructed from imported 
parts, and was ideal for this work on account of its complete absence of background ‘‘hum’’ 
and its good low-frequency response characteristic. 

In order to obtain the necessary operating stability, it was found advisable to incorporate 
two volume controls between the second and third, and the third and fourth valves. These 
consisted of variable grid leaks (0-5 meg.), and in actual use were both turned up as far as 
possible consistent with stability. The choice of valves appeared to be critical for the best 
results, and those actually used in the set were obtained as the result of considerable trial. 
Replacement of valves by others of identical pattern was sufficient to upset the operation of the 
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amplifier, and the only guide as to the best selection of valves was by trial and error. Tie 
valves actually used were two Cossors (410 R.C. and 410 H.F.) and two Mullard P.M.) \, 
Microphonice feed-back from the speaker to the first valve was eliminated by capping the firs 
two valves with lead. In order to diminish the possibility of back coupling through the hic! 
tension battery, the first two stages were ‘‘decoupled’’ as shown in the figure. Whether 
increased stability was gained solely at the expense of the amplification has not been 
vestigated. 


When the respiratory impulse was picked up from the phrenic nerve in the thorax it wus 
accompanied by an impulse synchronous with the heart beat. This spurious effect was of 
greater magnitude than the respiratory impulse itself, and presented a difficulty which was of 
less importance in obtaining aural than oscillograph records, since the ear can easily distinguish 
between the different quality of sounds due to the heart and the phrenic impulse even if the 
former were 10 to 100 times more intense, But the amplifier had to be capable of handling the 
large input due to the heart-beat without serious distortion, and this involved the use of a 
large power valve in the output stage, with adequate grid bias to handle the large grid swings 
without distortion. 

The actual sounds heard were the regular sharp beat synchronous with the heart, which 
sounded rather like the actual heart sounds?, and ‘‘rustling’’ sounds synchronous with tli 
movements of respiration which increased enormously in intensity in asphyxia, disappeared in 
apnoea however produced, and are identified as arising from the respiratory impulse passing 
down the phrenic nerve. 

Performance. The tneoretical gain of each stage, respectively, is 21, 14, 25, 25, giving 
an ‘‘all-out’’ voltage amplification of 180,000. As mentioned above, the full amplification 
could not be used because of instability setting in. 

A calibration was carried out giving the relation between the e.m.f. applied at the input 
terminals and that developed across the output terminals under actual working conditions. This 
test was carried out at a number of different frequencies, and the amplification given by each 
successive valve was also measured. From these results it was at once possible to deduce the 


amplification due to the first four amplifying valves in cascade, which is given in table 1. 


TABLE 1. 
Frequency 35 50 100 500 1,000 2 000 5,000 
Voltage gain 45,000 51,000 64,000 71,000 71,000 51,000 26,000 


At ‘‘B’’ battery voltage 135. 


The measured amplification (at 100 cycles per second) of each stage in turn was 16, 14, 
18, and 32, while the working position of the volume control reduced the gain of the second 
stage from 14 to 6-5. This gives the maximum amplification of the set as about 130,000, which 
is in good agreement with that predicted from the valve characteristics. 

No screening was necessary for the amplifier or batteries. The animal rested on a thick 
rubber mat in a large box of galvanized iron connected to earth, which rested on the top of the 
palmer table. It was found that it was necessary to disconnect the blood pressure recording 
apparatus while actually listening to the phrenic impulse. 

The electrodes used were those described by Kellaway and Holden (1932). They were 
connected to the amplifier by a screened, earthed cable. The proximal electrode was connected 
to earth, and the distal to the grid of the first valve through an 0-1 uw F condenser. 








2 The origin of this heart beat pick-up is not clear at present, but it appears to be due to 
direct induction into the phrenic nerve from the heart itself, since the two are in close proximity 
for a considerable portion of length of nerve. Its similarity to the heart sounds is illusory. 
The sound emitted by the speaker due to an aperiodic cardiac wave, which is theoretically very 
similar to a transient in wireless telephony, is practically a characteristic of the speaker itself. 
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Results. Since the results of experiments by the first method were not 
exactly similar in all cases to those of the second, we have summarized them 
separately. 

Experiments by the First Method under Amytal or Dial Anaesthesia. These 
were applied to curari and to venoms devoid of any coagulant action. The 
venoms of the death adder, cobra, and hamadryad behaved exactly like curari. 
After respiration had failed and the diaphragm was curarized we were able to 
pick up the respiratory impulse for periods of one or two hours. In a few experi- 
ments the animals died, but in most they were killed at the end of this time by 
discontinuing the artificial ventilation. The venom of the copperhead and 
common krait behaved differently, and with these we were not able to hear the 
respiratory impulse shortly before death, and the diaphragm was not then 
curarized. 

Death adder (Acanthophis antarcticus ), five experiments. Venom was given 
intravenously in doses from 7 to 20 certainly lethal intravenous doses, and caused 
failure of respiration in from 3 to 13 minutes. In all cases the diaphragm was 
curarized, and the respiratory impulse continued to be strongly audible for 
periods varying from one to two hours under artificial respiration. 

For example, in one rabbit respiratory movement ceased five minutes after 
the injection of 7 lethal doses of venom. Testing of the diaphragm by faradic 
stimulation gave Ph = 0, D = 16 em., and for more than two hours the respiratory 
impulse continued to be strongly heard on every occasion when artificial respira- 
tion was discontinued. At the end of this time the blood pressure had fallen to 
20 mm. Hg., and the animal shortly expired. 

Cobra (Naia naia). Two experiments with almost identical results. Venom 
was given intravenously in 4 and 5 certainly lethal doses. In the latter case 
venom was administered in divided doses, and breathing ceased 29 minutes after 
the first dose. The diaphragm was incompletely curarized at this time, Ph — 20 
em. (feeble contraction), D = 18 em., but 25 minutes later curarization was com- 
plete, P = 0, D = 10 cm. The respiratory impulse was still audible more than 
one hour later. 

Hamadryad (Naia hannah). Two experiments with similar results. Four 
certainly lethal doses were given intravenously in divided doses under dial 
anaesthesia. Respiration failed 13 hours after first dose. (Ph — 2 em., D = 
15 em.) Strong respiratory impulse heard for two hours. 

Curari. Two experiments. Curarization was complete following injection 
of 1 mg. per kg. It was rapid in onset, but passed off within an hour. The 
respiratory impulse was well heard throughout. 

Copperhead (Denisonia superba). Three experiments. We injected intra- 
venously from 1} to 3 certainly lethal doses. Death took place by heart failure 
in from 40 minutes to 14 hours. The respiratory impulse did not fail till the 
blood pressure fell, and there was then no evidence of curarization of the 
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diaphragm, which responded to stimulation of the phrenic with 30, 35, and 
50 em., and of the muscle directly with 30, 45, and 35 em. separation of the coils. 

Krait (Bungarus coeruleus). Three experiments. In these we gave from 
8 to 20 certainly lethal doses in divided doses. Respiratory movements failed in 







from 23 minutes to 1? hours, and the respiratory impulse failed simultaneously. 






There was no evidence of curarization of the diaphragm at this time. 
Experiments by the Second Method Without Anaesthesia till Failure of 
Respiration had Occurred. By the use of this method it was possible to test some 
of the coagulant venoms by subcutaneous injection—those of the brown snake 
(Demansia textilis), tiger snake (Notechis scutatus), black snake (Pseudechis 
porphyriacus), and the ‘‘taipan’’ 
banded krait (Bungarus fasciatus) is also feebly coagulant (Lamb (1904) ), 
though death did not result from this cause with the doses which we gave intra- 









(Oxyuranus scutellatus). The venom of the 








venously. Two viperine venoms, those of Echis carinata and Crotalus adaman- 
teus, were also tested by subeutaneous injection. The venoms of Enhydrina 
schistosa, of the copperhead (Denisonia superba), of the common krait (Bungarus 
coeruleus), and of Pseudechis australis, were tested by intravenous injection. 








In many of these experiments the venoms were administered in divided doses 






intravenously to avoid the dangerous immediate depressing effect on blood pres- 






sure, and in some eases, as with Oxyuranus scutellatus, which is feebly coagulant, 






a subeutaneous dose administered on the previous day caused a negative phase 






and prevented coagulation following intravenous injection. In the case of the 





more powerful coagulant venoms the second dose was also given subcutaneously. 





In Table 2 are set out typical results with venoms which caused death by 





















curarization of the muscles of respiration, the respiratory impulse still being 
audible from 40 minutes to 6 hours after the muscles were sufficiently curarized 
to abolish respiratory movements. 

Before diseussing the significance of these results it seems important to pre- 
sent the grounds which justify us in the assumption that so long as the respiratory 
impulse is audible the central respiratory mechanism must still be functioning. 
As has already been noted, apnoea by over-ventilation suppresses the respiratory 
impulse, and the administration of CO. or the onset of asphyxia intensifies it. 





The impulse in all conditions, other than those in which curarization of the 
muscles of respiration is present, is synchronous with respiratory movement, and 
the administration of morphia causes typical Cheyne Stokes respiration and 
extreme slowing and corresponding irregularity of the impulse. Transeetion of 
the cord high in the cervical region obliterates the impulse, and local anaesthetic 
applied to the floor of the fourth ventricle slows it to 6 or 7 impulses per minute, 
and may obliterate it. These facts, while they do not justify the conclusion that 
the motor impulse in the phrenic nerve is actually produced in the respiratory 
centres in the mid-brain or medulla, make it certain that the ultimate cause of 
this impulse is the activity of the higher respiratory centres. 
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TABLE 2. 


Snake 


Effect of 


Venoms on Unanaesthetized Rabbits. 


Time from 


Results of 











Time from failure of stimulation 
first respiration of phrenic 
Weight Dose of injection during which nerve and 
of venom Number to the diaphragm 
Venom. rabbit in mgs. of failure of respiratory after 
in kgs. perkg. C.L.Ds. respiration. impulse was failure of 
well heard. respiration. 
Demansia 2-08 0-2 s.e. — 2} hours. 23 hours. Ph 0 D=8 
textilis 2-43 0-2 s.c.* 19 hours. 4} hours. Ph=6 D=20 
Votechis 2.67 0-1 s.c.* 2 25 hours. lhr. (exp. Ph=2 D=7 
scutatus discontinued ) 
1-95 0-07 s.c.* 14 23 hours. 2 hours. 4 10 D=6 
Notechis seutatis 2-03 0-5 s.c," _— 21 hours. 14 hours. Ph=6 D=20 
var, niger 
Pseudechis 2-06 1-5 s.e. 1 1} hours. 1 hour. Ph=0 D=16 
porphyriacus 2-75 1-4 s.c. 1 224 hours. 1} hours Ph=0 D=18 
Enhydrina 2-0 0-1Livv. 2 35 mins. 6 hours. Ph=8 D=18 
schistosa 2-44 0-25 iv 5 15 mins. 543 hours. Ph=0 D=ik4 
Bungarus 2-7 4-0 iv. 6 14 hours. 2 hours. Ph=0 D=5 
fasciatus 
Oxryuranus 2-07 0-5 iv. ] 21 hours. 1} hours. Ph=5 D=30 
scutellatus 2-23 0-7 s.e.* 1} 50 mins, 2 hours. Ph 0 D=220 
and i.v. 
Denisonia 2-33 0-6 iv.” 2 5 hours, lhr.20mins. Ph=>=15 D=12 
superba Sed 0-3 Lv. ] 2 hours. 40 mins, Ph=9 D=2 
Bungarus 2-62 0-05 iv. ] 2} hours. 34 hours. Pa=6 D= 2 
Coeruleus 2-76 0-lLi.v. 2 1? hours. 2 hours. Ph=23 D=22 
2-35 0-2 icv. 4 30 mins. 14 hours. Ph=0 D=22 
Curari 2-11 1-0 8 mins. 2 hours. Ph=0 D=I15 


s.c.subcutaneous, i.v.—=intravenous administration. 


*Venom given in divided doses. 

The results of the second method of experiment are even clearer than those 
of the first, for they are uncomplicated at least during the early part of the experi- 
The 


venom of the copperhead causes failure of respiration by ecurarization of the 


ment by the depressant effect of anaesthetic on the respiratory centres. 


diaphragm, but here the effect is complicated by the extreme sensitiveness of the 
This often causes death before curar- 
ization is complete; but the heart picks up at once, and beats forcibly, if artificial 


partially asphyxiated heart to the venom. 
ventilation is provided in time. The experiments with the venom of the krait 
were made with too large doses in the experiments by the first method, and gave 
clear results when smaller doses were used. 

A preparation of black snake venom, freed of most of its thrombin by adsorp- 
The 
rabbits received several lethal doses, and the respiratory movements ceased 


tion, was used for intravenous injection in two additional experiments. 


within a few minutes. Curarization was complete, but the respiratory impulse 


could be well heard for some time before death oceured from heart failure. 
In these experiments it was clearly seen that complete curarization is not 


necessary to abolish effective movement of the diaphragm, and, as in curari 
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poisoning, motor impulses along the phrenic nerve are undoubtedly ineffective ai 
a time when strong faradie stimulation can still cause a feeble diaphragmatic 
contraction. 

There can be no doubt that the colubrine venoms studied here, with the 
exception of that of Pseudechis australis, are powerful curarizing poisons, and 
owe their lethal action in the rabbit to this constituent of the venom. Though 
these experiments do not exclude the possibility of some direct action on the 
central nervous system, they make it certain that such an action plays no impor- 
tant part in causing failure of respiratory movement. 


3. THE DIRECT ACTION OF VENOMS UPON THE CENTRAL 
RESPIRATORY MECHANISM. 


There exists no unassailable evidence that snake venoms possess any direct 
action upon the central respiratory mechanism. The initial acceleration in rate 
and increase in depth of respiration in animals injected with snake venom may 
be otherwise explained. In the experiments of Elliot, in which cobra venom was 
applied directly to the inferior part of the floor of the fourth ventricle, dry 
venom dissolved in a little saline was used, and the local concentration must have 
been incomparably greater than any possible even when several lethal doses of 
venom are injected intravenously. Further, in these high concentrations it is 
extremely probable that local constriction of the vessels supplying the centres 
oceurs, and that this, rather than the direct action of snake venom, is responsible 
for the observed rapid cessation of respiration. 

Some of the ‘‘neurotoxic’’ symptoms in animals poisoned by snake venom 
are due to chronic asphyxia, which begins to be effective about the time that the 
respiration becomes costal, or even earlier. To this cause are probably due the 
histological changes in the central nervous system observed by Kilvington (1902) 
and by Lamb and Hunter (1904-5-6). It is interesting that these observers noted 
that in animals which died quickly the changes were most obvious in the deep 
portions of the spinal cord, where we should expect the effects of asphyxia to be 
felt earliest. 

We have sought direct proof of a paralytic effect on the respiratory centre. 
We prepared isolated head preparations in cats, and administered venom to them, 
observing the effects on the blood pressure recorded in the femoral artery and 
on the respiratory movements. The head was supplied with defibrinated and 
hirudinized blood by a Dale Schuster pump (1928), using the oxygenator of 
Bayliss, Fee, and Ogden (1928), supplied with oxygen and 5% COs. 

After obtaining an adequate supply of defibrinated blood and anaesthetizing the animal, 
cannulae were introduced centrally into the subclavian arteries on each side and filled with 
hirudin solution in saline, A tracheal cannula was tied in, the thorax was opened and a large 
part of its left lateral wall excised between clamps. The sternum was lifted up by the median 
clamp, and the internal mammary arteries and veins and the thymic vessels were tied. The 
thymus was displaced and ligatures were placed round the innominate artery, and the left 
carotid and subclavian arteries close to their origin from the aorta. The superior vena cava 
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was isolated, and two ligatures placed round it. All the arterial branches of the aorta which 
had been isolated were rapidly tied, and the pump was turned on to supply oxygenated blood 
to the head. The superior vena cava was tied, and a cannula inserted for the outflow from 
the head. The outflowing blood was whipped, filtered, and returned to the head circulation. A 
few seconds after the head circulation was started it was found that the corneal reflex was 
present, and that when the artificial respiration was turned off strong diaphragmatic move 
ments occurred. Anaesthetic could now be administered to the head by placing sodium amytal 
in the external circulation. It was found by the injection of 1 ¢.c. of 1% trypan blue into the 
head circulation that within the course of half an hour there was but little admixture of blood 
in the two circulations. We did not attempt to reduce this leak by tying branches of the 
vertebral arteries, but instead tried the effect of venom in high concentration. 

In one such experiment death adder venom, in a concentration of 0-1 mg. 
per c.c. of blood (at least ten times the concentration present when a fatal dose is 
injected intravenously), caused loss of the corneal refiex and cessation of 
diaphragmatic movements within a minute after it reached the subclavian can- 
nulae. There was a striking rise in the pressure in the head circulation and a 
simultaneous fall in that recorded in the femoral artery. 


Mean pressure in the Mean pressure in the 

Time. femoral artery. subclavian artery. 
7 p.m. 95 mm. 144 mm. 
7.10 p.m. 84 mm. 165 mm, 
Death adder venom flowing in subclavian cannula 0-1 mgs. per ¢.cm. 
7.11 p.m. 40 mm. 204 mm. 
7.15 p.m. 20 mm. 220 mm. 
7.20 p.m. Heart beating very feebly. 


Stimulation of the phrenic nerve gave good contraction of the diaphragm at 45 em. separa- 
tion of the coils. No clotting was found in any of the vessels. 

This type of experiment is open to the same objections as Elliot ’s experiment 
of applying venom directly to the bulb. If the strong venom solution causes 
constriction of the vessels by its direct action on plain muscle, the observed 
phenomena may be explained by vascular constriction without postulating any 
direct effect of the venom on the central nervous system. Evidence of direct 
action on the nerve centres cannot be sought in this way if strong solutions of 
venom are used, and since much more elaborate isolation of the head from the 
trunk would be necessary if weak solutions of venom were to be used, we aban- 
doned this type of experiment. 

We also studied the effect ef venoms in moderate concentration placed upon 
the floor of the fourth ventricle. For this purpose we used solutions of 2-0 and 
5-0 mgs. per ¢c.c. of the venoms of the copperhead, death adder, and cobra, all of 
which are without coagulant action. 

The experiments were carried out under amytal or dial anaesthesia with additional ether 
during the operative procedures and a lesser amount throughout the experiments. After tying 
in a tracheal cannula the muscles were stripped from the central portion of the supra occipital 
bone. A portion of this was removed and the occipito-atlantal ligament divided. The posterior 
lobe of the vermis was now lifted gently, and a small piece of cotton wool soaked in venom 
solution of appropriate strength was packed gently into the fourth ventricle. The rate and 
character of the respirations were frequently observed during the course of two hours, fresh 
venom being introduced on a clean pack from time to time. Finally, in each experiment, 
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pereaine in a strength of 5 mgs. per ¢.c. was applied to the same region, and behaved just as 


it did if applied before the introduction of venom, causing slowing of respiration to 6 or 7 per 
minute, and altering the character of the respirations, which became spasmodic, with a pro- 
longed inspiratory phase, and in one or two experiments ceased altogether. 

The results of the application of perecaine demonstrated that a diffusible 
substance administered in this way could reach the bulbar respiratory mechanism. 
In eight of these experiments, in only one, with cobra venom 5 mgs. per ¢.c., was 
failure of respiration produced by the venom solution within two hours, and in 
all an initial gradual acceleration and deepening of respiration was produced, 
these effects gradually diminishing during the course of the second hour. The 
blood pressure remained at a good level, and the animals were kept under arti- 
ficial ventilation, except when an observation of the rate and character of the 
ventilation was made. 

Experiment 1 will serve to illustrate the constantly observed events in these 
experiments, in none of which was there sufficient absorption of venom, even after 
several hours, to cause any curarization of the diaphragm. In control experi- 
ments, in which the fourth ventricle was similarly treated by packing with cotton 
wool moistened with saline, no effects upon rate or extent of the respirations were 
produced. 

Experiment 1. Rabbit 2-14 kgs., 100 mgs. dial, injected intraperitoneally. Under ether 


anaesthesia a tracheal cannula was tied in, and the floor of the fourth ventricle exposed. The 
blood pressure was recorded by a cannula in the left carotid artery. 


Time. Blood pressure. Respirations. 
3.55 p.m. 72 mm. Hg. 55 per minute 
3.55 p.m. Death adder venom, 2-0 mgm. per ¢.cm., applied to floor of fourth ventricle 
4.0 p.m. 86 mm. Hg. 55 per minute 
4.15 p.m. 74 mm. Hg. 67 per minute. Deeper. 
4.26 p.m. Venom. reapplied 
4.30 p.m. 80 mm. Hg. 94 per minute. Strong diaphragmatic dyspnoea 
4.50 p.m. 71 mm. Hg. 8 . ” ” 99 ” 
5.5 p.m. 78 mm. Hg. 92 ” s 99 ” 
5.7 p.m. Venom reapplied 
5.20 p.m. 86 mm. Hg. 86 ,, = ” ms 
5.34 p.m. 88 mm. Hg. 98 ,, 9 ” 99 » 
5.45 p.m. Venom reapplied 
5:57 p.m. 70 mm. Hg. 78, still strong, dyspnoea 
6.8 p.m. 82 mm. Hg. 76 per minute. Rectal temperature 35-5°C. 
6.12 p.m. Pereaine applied 
6.25 p.m. 110 mm. Hg. 14 per minute. Spasmodie prolonged inspirations 
6.36 p.m. 70 mm. Hg. 8 per minute. Spasmodie prolonged inspirations 
6.52 p.m. Respiration failed 
7.7 p.m. Allowed to die of asphyxia 


The concentration of the venom solution around the bulbar centres is prob- 
ably not more than a fraction of that of the venom applied to the floor of the 
ventricle. This locally applied venom is constantly being washed away by the 
outflow of cerebro-spinal fluid and of small amounts of blood, since the applica- 
tion of venom solutions causes some oozing. Furthermore, during its passage 
through even a thin layer of nervous tissue its effective concentration must be 
much reduced. The concentration reached round the bulbar centres is probably 
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of a higher order than that which results from intravenous injection of a lethal 
dose for copperhead or cobra venom which does not exceed 0-01 mg. per c.c. 

The constancy of the results obtained supports our conclusion, that action 
on the central respiratory mechanism plays no important part in death from 
respiratory failure following injection of these venoms. The results, however, 
suggest that the preliminary increase in the rate and extent of ventilation follow- 
ing the exhibition of venom observed by so many authors is actually due to action 
on the central mechanism. The experiments, however, offer no evidence as to 
whether this effect is direct, or indirect from anoxaemia due to local vascular 
changes. 

Often the application of venom to the floor of the fourth ventricle is accom- 
panied by a small rise of general blood pressure, but we have not further investi- 
gated the significance of this rather small effect. 

When the earlier workers were applying venom to the lower part of the floor 
of the fourth ventricle, it was supposed that here was the main seat of the central 
respiratory mechanism. The work of Lumsden (1923) indicates that there are a 
series of centres in the lower brain stem—pneumotaxic, apneustic, expiratory, 
and gasping*. The last three of these were within reach of the active substances 
which we employed. By way of the vagi important influences are exerted on 
respiration, particularly in the rabbit, and the nuclei were also within the sphere 
of possible action. 

The present group of experiments was not, however, directed towards the 
analysis of any effect which might be found upon the central respiratory mech- 
anism, and we did not record graphically the abnormal respiratory movements 
which we observed. The significance of the dramatic results which regularly 
followed the exhibition of pereaine is as a control of the much less obvious effects 
produced by the application of venom in moderate concentrations. Following 
the application of percaine, there is a fall in blood pressure, the respiratory rate 
is greatly slowed, and there are long inspiratory pauses. No permanent damage 
is caused by this change, since, after washing out the ventricle with saline and 
continuing artificial ventilation for an hour or more, the blood pressure is restored 
and the animal breathes once more in normal fashion. This process of recovery 
ean be greatly accelerated by the exhibition of coramine in a dose of 1-0 c.c. of 
a 25% solution intravenously. 


CONCLUSIONS. 


By the amplification and aural testing of the respiratory impulse down the 
phrenic nerve it has been shown that the central respiratory mechanism is still 
intact when failure of respiration has occurred in rabbits following the injection 
of a number of colubrine venoms. At this time curarization of the diaphragm is 





3 The recent observations of Hammouda and Wilson (1932), though not directly concerned 
with the exact location of the central mechanism, indicate the necessity for postulating at least 
two centres, an upper pneumotaxic and a lower centre from which the motor discharge to the 
spinal nuclei originates. 
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partial or complete. Curarization of the muscles of respiration is therefore the 
cause of death in rabbits killed with these venoms. 

Experiments in which venom in moderate concentration was applied to the 
floor of the fourth ventricle suggest that venom in lethal dosage has some action 
on the central respiratory mechanism, though this may be indirect and due to 
local vaso-constriction. 
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